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Dental caries is caused by the disturbance in oral homeostasis, marked by a 
notable increase in the population of Streptococcus mutans. Cells of S. mutans 
adhere to the tooth surface and forms stable biofilms that are resistant to various 
physical and chemical changes inside the oral cavity. In these areas, dietary sugars 
are rapidly converted to organic acids. Exposure of tooth surfaces to low-pH for 
prolonged periods causes demineralization of enamel and the development of 
carious lesions. The aim of our study was to identify new therapeutic agents and 
molecular targets that can reduce the virulence of S. mutans by decreasing its 
biofilm forming ability. 
We examined the in vitro potency of the ethanolic extract of Morus alba 
against the oral pathogens, chiefly Streptococcus mutans. The MIC of crude 
ethanolic extract of M alba against S. mutans and Lactococcus lactis was 125 
mg/1. The growth of Actinomyces viscosus was inhibited at concentration as high 
as 1000 mg/1 whereas the growth of Lactobacillus acidophilus was not inhibited 
at all. Effect on the adherence to glass surface and biofilms of S. mutans in 
microtitre plates at sub-MIC concentration of the extract was evaluated. The 
extract strongly inhibited the biofilm formation of S. mutans at the active 
accumulation and plateau phase. 
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The active component from crude extract was purified by silica gel 
chromatography. The purified fraction of M alba shows a 8-fold reduction (15.6 
mg/1) in MIC against S. mutans. The structure of compound in purified fraction 
was analyzed with GC-MS, NMR and IR spectroscopy. The active compound was 
found to be 1-Deoxynojirimycin (DNJ). Both water-soluble and alkali-soluble 
glucan formation was estimated in the presence of 5 mg/1 of purified DNJ from 
M alba to determine its effect on the extracellular polysaccharides secreted by S. 
mutans. It was found that in the presence of purified compomnd the water-soluble 
glucan was reduced by 23.2% while the reduction in the alkali-soluble glucan was 
44.8% compared to the control. Confocal microscopy revealed that biofilm 
formed in presence of DNJ is thinner than the control and the architecture of 
biofilm is altered in the presence of DNJ. This reflects a prospective role of DNJ 
in controlling the overgrowth and biofilm-formation of 5. mutans. 
The effect of plant lectins from edible sources, on the growth and biofilm 
formation of Streptococcus mutans was studied. Lectins were isolated from plant 
sources by conventional methods of protein purification. The effect on growth of 
S. mutans was evaluated following CLSI guidelines. None of the lectins used in 
this study inhibited the bacterial growth and multiplication. The adherence and 
biofilm formation of bacteria to saliva coated polystyrene plates was tested in 
presence of plant lectins. All the plant lectins tested, inhibited both the adherence 
111 
JiBstract 
and biofilm in a concentration dependent manner. Confocal microscopy and 
Scanning electron microscopy were employed to view the biofilm formation in 
the presence of plant lectin (glucose/mannose-specific) at sub-MIC 
concentrations. These evaluations revealed that lectins inhibited the clumping and 
attachment of S. mutans. Lectins tested here, inhibited initial biofilm formation 
by S. mutans. Glucose/Mannose specific lectin altered the adhesion arrangement 
of the bacteria on the saliva-coated surfaces. The plant lectins used in this study 
may offer a novel strategy to reduce development of dental caries by inhibiting 
the initial adhesion and subsequent biofilm formation of 5. mutans. 
To study the role of different cellular proteins on the biofilm formation 
of S. mutans, adherence deficient mutants were generated by EMS-induced 
mutagenesis. The mutants were characterized on the basis of their initial 
adherence and biofilm formation on the saliva-coated surface. The time-
dependent biofilm studies reflect that of the 30 adhesion defective mutants studied 
here, 18 mutants showed decreased biofilm formation on saliva-coated surface at 
12-, 20- and 24 hours of growth. The in-vitro polysaccharide formation by these 
mutants was found to be reduced as compared to the controls. Such mutants were 
characterized as sucrose dependent adherence defective mutants. The remaining 
12 mutants show decrease in biofilm formation at all phases of growth including 
the initial phase. The polysaccharides synthesized by these mutants in-vitro was 
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more than sucrose-dependent adherence defective mutants, albeit lower than the 
parent strain. These 12 mutants showed a decreased initial adherence on the 
saliva-coated surface and were categorized as sucrose-independent adherence 
defective mutants. 
Three sucrose independent adherence defective mutants BSM3, BSM5 
and BSM61 were selected for evaluation of their biofilm by confocal laser 
scanning and scanning electron microscopy. The microscopic revelations 
confirmed that BSM3, BSM5 and BSM61 showed altered cellular arrangement 
and reduction in biofilm formation. The ELISA and Western-blot analysis for cell 
surface adhesin Agl/II of mutants BSM3, BSM5 and BSM61 showed very low 
expression in these mutants. 
The 2D protein analysis in the pH range 4-7 of total cellular proteins from 
parent strain, BSM3, BSM5 and BSM61 was done to study the expression of 
various proteins in this range that aided to alter the biofilm arrangement in the 
mutants. Of 401 spots identified, 57 protein spots showed differential expression 
of the parent and mutant strains. 13 proteins were expressed more in the parent 
strain than in the mutant strains while 44 proteins showed higher expression in 
mutants than the parent strain. The principal redox protein Rex A that modulates 
transcription in response to cellular NADH/NAD changes, showed 5.5 folds lower 
Jl6stract 
expression in mutants. The heat shock protein Dna K showed 6.65 folds 
overepression in mutants. The other proteins overexpressed in mutants are mainly 
associated with basic metabolism of S. mutans, which can be attributed to its 
planktonic mode of growth compared to biofilm formation in parent strain. 
However, a more targeted approach is required for the validation of role and 
interaction of these proteins in biofilm deficient mutants. 
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JLbstract 
Dental caries is caused by the disturbance in oral homeostasis, marked by a 
notable increase in the population of Streptococcus mutans. Cells of S. mutans 
adhere to the tooth surface and forms stable biofilms that are resistant to various 
physical and chemical changes inside the oral cavity. In these areas, dietary sugars 
are rapidly converted to organic acids. Exposure of tooth surfaces to low-pH for 
prolonged periods causes demineralization of enamel and the development of 
carious lesions. The aim of our study was to identify new therapeutic agents and 
molecular targets that can reduce the virulence of S. mutans by decreasing its 
biofilm forming ability. 
We examined the in vitro potency of the ethanolic extract of Morus alba 
against the oral pathogens, chiefly Streptococcus mutans. The MIC of crude 
ethanolic extract of M. alba against S. mutans and Lactococcus lactis was 125 
mg/1. The growth of Actinomyces viscosus was inhibited at concentration as high 
as 1000 mg/1 whereas the growth of Lactobacillus acidophilus was not inhibited 
at all. Effect on the adherence to glass surface and biofilms of S. mutans in 
microtitre plates at sub-MIC concentration of the extract was evaluated. The 
extract strongly inhibited the biofilm formation of S. mutans at the active 
accumulation and plateau phase. 
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The active component from crude extract was purified by silica gel 
chromatography. The purified fraction of M alba shows a 8-fold reduction (15.6 
mg/1) in MIC against S. mutans. The structure of compound in purified fraction 
was analyzed with GC-MS, NMR and IR spectroscopy. The active compound was 
found to be 1-Deoxynojirimycin (DNJ). Both water-soluble and alkali-soluble 
glucan formation was estimated in the presence of 5 mg/1 of purified DNJ from 
M. alba to determine its effect on the extracellular polysaccharides secreted by S. 
mutans. It was found that in the presence of purified compound the water-soluble 
glucan was reduced by 23.2% while the reduction in the alkali-soluble glucan was 
44.8% compared to the control. Confocal microscopy revealed that biofilm 
formed in presence of DNJ is thinner than the control and the architecture of 
biofilm is altered in the presence of DNJ. This reflects a prospective role of DNJ 
in controlling the overgrowth and biofilm-formation of 5. mutans. 
The effect of plant lectins from edible sources, on the growth and biofilm 
formation oi Streptococcus mutans was studied. Lectins were isolated from plant 
sources by conventional methods of protein purification. The effect on growth of 
S. mutans was evaluated following CLSI guidelines. None of the lectins used in 
this study inhibited the bacterial growth and multiplication. The adherence and 
biofilm formation of bacteria to saliva coated polystyrene plates was tested in 
presence of plant lectins. All the plant lectins tested, inhibited both the adherence 
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and biofilm in a concentration dependent manner. Confocal microscopy and 
Scanning electron microscopy were employed to view the biofilm formation in 
the presence of plant lectin (glucose/mannose-specific) at sub-MIC 
concentrations. These evaluations revealed that lectins inhibited the clumping and 
attachment of S. mutans. Lectins tested here, inhibited initial biofilm formation 
by S. mutans. Glucose/Mannose specific lectin altered the adhesion arrangement 
of the bacteria on the saliva-coated surfaces. The plant lectins used in this study 
may offer a novel strategy to reduce development of dental caries by inhibiting 
the initial adhesion and subsequent biofilm formation of 5. mutans. 
To study the role of different cellular proteins on the biofilm formation 
of S. mutans, adherence deficient mutants were generated by EMS-induced 
mutagenesis. The mutants were characterized on the basis of their initial 
adherence and biofilm formation on the saliva-coated surface. The time-
dependent biofilm studies reflect that of the 30 adhesion defective mutants studied 
here, 18 mutants showed decreased biofilm formation on saliva-coated surface at 
12-, 20- and 24 hours of growth. The in-vitro polysaccharide formation by these 
mutants was found to be reduced as compared to the controls. Such mutants were 
characterized as sucrose dependent adherence defective mutants. The remaining 
12 mutants show decrease in biofilm formation at all phases of growth including 
the initial phase. The polysaccharides synthesized by these mutants in-vitro was 
xviu 
JiBstract 
more than sucrose-dependent adherence defective mutants, albeit lower than the 
parent strain. These 12 mutants showed a decreased initial adherence on the 
saliva-coated surface and were categorized as sucrose-independent adherence 
defective mutants. 
Three sucrose independent adherence defective mutants BSM3, BSM5 
and BSM61 were selected for evaluation of their biofilm by confocal laser 
scanning and scanning electron microscopy. The microscopic revelations 
confirmed that BSM3, BSM5 and BSM61 showed altered cellular arrangement 
and reduction in biofilm formation. The ELISA and Western-blot analysis for cell 
surface adhesin Agl/II of mutants BSM3, BSM5 and BSM61 showed very low 
expression in these mutants. 
The 2D protein analysis in the pH range 4-7 of total cellular proteins from 
parent strain, BSM3, BSM5 and BSM61 was done to study the expression of 
various proteins in this range that aided to alter the biofilm arrangement in the 
mutants. Of 401 spots identified, 57 protein spots showed differential expression 
of the parent and mutant strains. 13 proteins were expressed more in the parent 
strain than in the mutant strains while 44 proteins showed higher expression in 
mutants than the parent strain. The principal redox protein Rex A that modulates 
transcription in response to cellular NADH/NAD changes, showed 5.5 folds lower 
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expression in mutants. The heat shock protein Dna K showed 6.65 folds 
overepression in mutants. The other proteins overexpressed in mutants are mainly 
associated with basic metabolism of S. mutans, which can be attributed to its 
planktonic mode of growth compared to biofilm formation in parent strain. 
However, a more targeted approach is required for the validation of role and 
interaction of these proteins in biofilm deficient mutants. 
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Cfiapter-1 
1.1 Human dentition and tooth 
The teeth are the most distinctive and long-lasting component of the human 
mouth. They are the first in the chain of energy production in the body as they 
help in chewing and grinding the food. Mammals are diphyodont meaning that 
they grow two sets of teeth. The first or deciduous teeth start appearing at six 
month of age and are 20 in number. The second or permanent teeth appear from 
seven years and are 32 in number. The permanent teeth are four in types-incisors, 
canines, molars and premolars. The tooth has four major parts- Enamel (the 
hardest part in the body), dentin, cementum and pulp (Figure l.I). Paleontologists 
use teeth for their studies as they are preserved for years, yet there are ailments 
that can destroy it very early and one such cause is dental caries. 
1.2 Dental caries and its epidemiology 
Dental caries is a localized and progressive decay of the teeth. Not only does it 
cause many people to experience a great deal of pain, it leads to continuous 
discomfort through inconvenient treatment. WHO's report on the Global Problem 
of Oral Diseases, notes that oral diseases such as dental caries (tooth decay), 
periodontitis (gum disease) and oral and pharyngeal cancers are global health 
problem in both the industrialized and the developing countries, especially among 
poorer communities (Petersen, 2003). Dental caries is a major oral affliction 
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Figure 1.1 Anatomy of a human tooth 
(Source:http://en. wikipedia.org/wiki/Tooth_deveIopment) 
CfiapUr-1 
in developing countries, affecting 60-90% of the school children and the vast 
majority of adults. An estimated five billion people worldwide have experienced 
dental caries (Petersen, 2003). Figure 1.2 highlights the dental caries experience 
among 12-year-old children in the six WHO regions in the year 2000, based on the 
DMFT (Decayed, Missing and Filled Teeth) Index, which measures the lifetime 
experience of dental caries in permanent dentition. In developing countries like 
India, the rate of dental caries is rising and since more than 80% of the world's 
children live in these countries, dental caries is considered to be a major public 
health problem (Cirino and Scantlebury, 1998). Table 1.1 shows the caries 
assessment in a study conducted in Indian school children where the percentage of 
affected children found is alarming. 
1.3 Causes of dental caries 
Dental caries is a chronic infectious disease in which the active agent or 
agents are members of the indigenous oral flora (Shaw, 1987). Oral cavity harbors 
a rich and diverse microbial flora because of its ideal humidity and temperature, 
the frequent passage through it of most nutrients needed by many microbial 
species and presence of several ecological niche. The presence of a myriad of 
microorganisms is a natural part of proper oral health. Oral microbes can adhere to 
surfaces throughout the oral cavity (Loesche, 1986). These include the tongue, 
epithelial cells lining roof of the mouth and the cheeks, and enamel of the teeth. 
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Figure 1.2 Dental caries experience (DMFT) of 12-year-old children 
according to WHO regional offices {Source: WHO Global Oral 
Health Data Bank and WHO Oral Health Country/Area Profile 
Programme, 2000). 
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Table 1.1 Dental caries assessment in 5 and 12 years old caries-active subjects in 
Chennai City, Tamil Nadu, India (Kumar et al., 2005) 
Age Group 
5 years* 
12 years* 
% affected 
83 
80 
DMFT 
3.5 
3.94 
D 
3.4 
3.90 
M 
0.07 
0.03 
F 
0.0 
0.0 
Year 
2003 
2003 
^600 children each 5- and 12-year-old age groups 
li i-a 
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Hundreds of species of bacteria have been identified to form adherent oral 
communities, known as biofilms (Bume, 1998). Development of the adherent 
populations of microorganisms in the oral cavity begins with the association and 
irreversible adhesion of certain bacteria to the tooth surface. Components of the 
host oral cavity, such as proteins and glycoproteins from the saliva, also adhere. 
This early coating is referred to as the acquired enamel pellicle (AEP). The AEP 
alters the chemistry of the tooth surface, encouraging the adhesion of other 
microbial species (Jefferson, 2004). Over time, as the biofilm thickens, gradients 
develop within the biofilm. Such environmental alterations promote the 
development of different types of bacteria in different regions of the biofilm 
(Marsh and Martin, 1999). This changing pattern represents what is termed 
bacterial succession. Examples of some bacteria that are typically present as 
primary colonizers include Streptococcus, Actinomyces, Neisseria, and 
Veillonella. Examples of secondary colonizers include Fusobacterium nucleatum, 
Prevotella intermedia, and Capnocytophaga species. With further time, another 
group of bacteria can become associated with the adherent community. Examples 
of these bacteria include Campylobacter rectus, Eikenella corrodens, 
Actinobacillus actinomycetemcomitans, and the oral spirochetes of the genus 
Treponema (Liljemark and Bloomquist, 1996). 
Under normal circumstances, the microbial flora in the oral cavity reaches 
equilibrium, where the chemical by-products of growth of some microbes are 
utilized by other microbes for their growth (Burne, 1998/ Significant parameters 
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regulating homeostasis in the mouth include the integrity of host defenses 
(including saliva flow) and the composition of the diet (Marsh, 1999J. In any 
ecosystem, microbial homeostasis can break down on occasion due to a 
substantial change in parameter that is critical to maintaining ecological stability 
at a site, resulting in the outgrowth of previously minor components of the 
community. An example, when the diet is high in sugars that can be readily used 
by bacteria, the pH in the adherent community is lowered, which selects for the 
predominance of acid-loving bacteria, principally Streptococcus mutans and 
Lactobacillus species. These species can itself produce acidic products that 
damage the tooth resulting in dental caries. 
Dental caries is the second most common of all maladies in humans, 
next only to the common cold (Slavkin, 1998). Dental caries typically proceeds in 
stages (Figure 1.3). Discoloration and loosening of the hard enamel covering of 
the tooth precedes the formation of a microscopic hole in the enamel. The hole 
subsequently widens and damage to the interior of the tooth usually results. If 
damage occurs to the pulp and the roots anchoring the tooth to the jaw, the tooth is 
usually beyond saving (Shaw, 1987). Removal of the tooth is necessary to prevent 
accumulation of bacterial products that could pose further adverse health effects. 
Caries is thus a complex disease caused by imbalance in physiological equilibrium 
and environmental factors play a critical role in the initiation and progression of 
the disease (Arends and christoferren, 1986). 
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Dorsal view of 
Figure 1.3 Developmental stages of dental caries. (Source: http: //greenfield. 
fortunecity.com/rattler/46/upali3.htm) (1) Acids present in the oral cavity 
destroy the enamel of the tooth. (2) The dentine is then attacked by acids 
and bacteria invade the cavity. (3) Inflammation of the pulp. (4) Necrosis 
of the pulp tissue. (5) Periapical abcess formed at the apex of the root. 
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Of 200-300 species that are predominant in the human dental plaque, only a finite 
number may be considered as dental pathogens and dental caries can be regarded 
as a specific treatable disease. 
1.4 Is dental caries infectious? 
The infections and transmittable nature of dental caries was brought in focus 
by studies of Keyes on gnotobiotic rodents in 1960. He found that germ free 
hamsters developed caries when they were caged together with caries-active 
hamsters. Further proof emerged when certain streptococci caused rampant 
decay in previously caries- active animals (Fitzgerald and Keyes, 1960). These 
bacteria later identified as Streptococcus mutans, gave rise to the concept of 
caries being due to a specific infection with mutans streptococci. 
7.5 Mutans Streptococci 
Streptococcal species contribute approximately 1/3 of the total viable organisms 
of plaque (Newbrun, 1989). The microorganisms co-habiting within the plaque 
ecosystem are Streptococcus mutans, Lactobacilli acidophilus and Actinomyces 
israellis (van Houte et al., 1994; Schupbach et al, 1996). The mutans group of 
streptococci consists of seven species: Streptococcus cricetus, S. ferus, S. 
macacae, S.downei, S.rattus, S. sobrinus and .S". mutans (Whiley and Beighton, 
1998). S. mutans and S. sobrinus are most commonly encountered in human 
dental plaque and are associated with dental caries (Loesche, 1986). Of these, S. 
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mutans are more prevalent in active-caries than S. sobrinus. Also, subjects 
harboring both .S". mutans and S. sobrinus have a significantly higher prevalence of 
dental caries than those with S. mutans or S. sobrinus alone (Okada et al, 2002; 
Wuera/., 2003). 
1.6 Streptococcus mutans 
Kingdom: 
Phylum: 
Bacteria 
Firmicutes 
Class: Cocci 
Order: 
Family: 
Genus: 
Lactobacillales 
Streptococcaceae 
Streptococcus 
Species: mutans 
Streptococcus mutans is a Gram-positive, facultatively anaerobic bacteria 
commonly found in the human oral cavity. The natural habitat of S. mutans is 
the human mouth. The organism can be isolated frequently from faeces in 
human (Finegold et al, 1975). It was first observed by Clarke who found a 
small, chained coccobacillus which was more oval than spherical in shape. He 
suggested that these microorganisms were mutant streptococci and called them 
Streptococcus mutans (Clarke, 1924). The cells are spherical or ovoid, 0.5-2.0 \im 
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in diameter, occurring in pairs or chains when grown in liquid media, and stain 
Gram-positive (Figure 1.4). The optimum temperature for growth is 37°C, and 
growth is usually restricted to 25-45°C. 
/ . 7 Role of Streptococcus mutatis in dental caries 
Numerous studies have shown that mutans streptococci can bring about caries 
in pits and fissures as well as on smooth and root surfaces of the teeth of both 
gnotobiotic and conventional animals (Michalek et al, 1976). Moreover, the 
caries induced by mutans streptococci is more severe than caused by other 
streptococci. Mutans streptococci involvement in the etiology of caries has 
come from immunization studies. In one such study, the oral administration of 
streptococci cells to gnotobiotic rats induced the production of secretory IgA in 
the saliva and this correlated with the reduction in caries incidence in these 
animals (Michalek et al, 1976). Intravenous administration of Streptococcus 
mutans cells to monkeys led to a serum body response and an associated 
decrease in caries incidence (Bowen, 1969b). The mode of action of these 
antibodies is inhibition of the adherence and possibly metabolic activities of S. 
mutans (Russell and Hajishengallis, 1999). Some antisera against whole cells 
of S. mutans significantly inhibit the enzymatic activity of extracellular 
GTFases and hence the subsequent adherence to smooth surfaces (Evans, 1973; 
Hamada and Mizuno, 1979). 
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Figure 1.4 Arrangement and shape oi Streptococcus mutans (A) microscopic view 
of 5. mutans (40X). The bacteria stain positive with gram stain (B) The 
shape of S. mutans (Source of figure B- http://media-
2.web.britannica.com/eb-media/95/58695-004-601 B37BC.jpg) 
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In a longitudinal study, it was found that levels of mutans streptococci in 
plaque increased, 6-24 months before the clinical appearance (Loesche et al, 
1984). Increase in the proportion of mutans streptococci was observed to occur 
before root caries lesion development or when these lesions become active. In 
general high titers of salivary and serum antibodies to mutans streptococci 
antigens have been found in low caries population and the prevalence of caries 
is high in immuno-compromised patients (Taubman, 1992). 
1.8 Virulence factors of Streptococcus mutans 
The term virulence describe the ability of a parasite {microorganism) to cause 
infection in its host, the organism it lives on or in. The property is quantitative 
and expresses the degree of pathogencity. Virulence factors in S. mutans help 
protect the bacterium against possible host defenses and maintain its ecological 
niche in oral cavity while contributing to its ability to cause host damage. 
1.8.1 Adhesins 
Streptococcus mutans antigen (Ag) I/II, a cell surface fibrillar protein also 
known as protein B, PI, PAc, MSL-l,and SR, is implicated in the adherence 
of 5. mutans to salivary pellicle-coated dental enamel (Russell et al, 1994). 
Both S. mutans (Gibbons et al, 1984) and Agl/II (Russell and Mansson-
Rahemtulla, 1989) bind selectively to human saliva-coated hydroxyapatite 
(SHA), which simulates pellicle-coated enamel, but isogenic Agl/II-deficient 
14-
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mutants of S. mutans lack the protein fuzzy coat on the cell surface and bind 
poorly to experimental salivary pellicles (Lee et al, 1989). Furthermore, 
Agl/II competitively inhibits S. mutans adherence (Bleiweis et al, 1992), and 
it is a target of S. mutans adherence-inhibiting human secretory 
immunoglobulin A (S-IgA) antibodies (Hajishengallis et al, 1992). This 
streptococcal protein also mediates saliva-induced aggregation of S. mutans, as 
shown by aggregation studies comparing wild-type and isogenic Agl/II-
deficient strains (Lee et al, 1989), and by the findings that S. mutans 
aggregation is inhibited by free Agl/II (Demuth et al, 1990b) or by anti-Agl/II 
monoclonal antibodies (Brady et al, 1992). 
Figure 1.5 shows the map and different regions of Agl/IL It consists 
of a protease-sensitive N-terminal region, Agl, and protease-resistant Agll, 
which represents the C-terminal and membrane-proximal one-third of the 
molecule (Russell et al, 1980a; Kelly et al, 1990). Immune responses to the 
Agl component, but not to Agll, have been associated with caries protection in 
the monkey model (Russell et al, 1980b). Another study using four 
overlapping recombinant polypeptides covering the whole adhesin, localized 
the adhesion domain of Agl/II in the region specified by residues 816-1213 
which includes the proline rich repeat region (P region), whereas the 
polypeptide containing the A region did not inhibit S. mutans adherence to 
SHA(Munroe/a/., 1993). 
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Figure 1.5 Schematic representation of different regions of Agl/II of 5. mutans 
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While it is not known whether the P region-including segment is also involved 
in S. mutans aggregation, a fusion protein containing the P region appears to 
bind directly to the whole Agl/II molecule (Nakai et ai, 1993). 
Several salivary molecules have been found to promote S. mutans 
adherence, including SAG (Lee et ai, 1989), acidic proline-rich proteins 
(Gibbons and Hay, 1989), and adhesion-promoting proteins in the mucin 
fraction of submandibular-sublingual saliva (Kishimoto et ai, 1989), 
suggesting that Agl/II may have multiple receptors and consequently multiple 
binding domains. Alternatively, it is possible that these salivary proteins 
display some common binding sites, eg. SAG and adhesion-promoting proteins 
may share oligosaccharide chains. The possibility of carbohydrate involvement 
is supported by the findings that S. mutans Agl/II recognizes fucose and 
lactose, whereas the homologous SSP-5 protein of S. sanguis M5 recognizes 
sialic acid (Demuth et ai, 1990b). Studies with site-directed mutagenesis 
showed that adhesion to salivary film under conditions of flow was reduced in 
the S. mutans isogenic mutants. The disruption of the protein also results in 
alteration of bacterial surface charge (Petersen et al, 2002). 
Coaggregation between oral bacteria is considered to be an 
important mechanism driving the development of biofilm communities. 
Specific interactions between bacteria provide for nutritional synergy (Palmer 
Jr et al, 2001), facilitate binding of secondary colonizers (Lamont et ai, 2002) 
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and promote invasion of oral tissues (Love, 2000). The Agl/II family 
polypeptides have been implicated in mediating coaggregation between 
streptococci and several different genera of oral microorganisms (Lamont and 
Jenkinson, 2000). The specificity for coaggregation appears to reside within 
the N-terminal region of the Agl/II protein (Jakubovics et al, 2005). Multiple 
discrete regions within the primary sequences of the Agl/II polypeptides are 
selectively utilized in adhesion to oral cavity receptors. The N-terminal 
portion, comprising the A and V (variable) region, appears to determine 
specificity of Agl/II polypeptide recognition of A. naeslundii strains. These 
sequences would therefore potentially operate to drive the formation of 
Streptococcus-mixed species communities. Sequences within the C terminal 
portion of the polypeptides downstream of the P (proline rich) aa repeat blocks 
and within the C-terminal 400 aa residues, are not necessary for coaggregation 
with A. naeslundii, but are functionally obligate in recognition of gp340. The 
evidence that specificity of receptor recognition by these proteins results from 
multiple interactive domains suggests that binding to different receptors might 
be selectively targeted. Because Agl/II polypeptides are intimately involved in 
initial adhesion of streptococci to surfaces and in the subsequent establishment 
of oral microbial communities, modulation of their activities may be effective 
in controlling the development of polymicrobial biofilms that are ultimately 
associated with a range of human disease process. 
18-
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1.8.2 Glucosyltransferases and fructosyltransferase 
Streptococcus mutans metabolizes sucrose to synthesize water soluble and/or 
insoluble glucans. The reactions are catalyzed by three isozymes of glucosyl-
transferases (Gtfs) i.e. fGtfB, GtfC and GtfD). These enzymes catalyze the 
transfer and addition of a glucosyl moiety to the terminal site of a primer or 
elongating glucan (Monchois et ai, 1999). 
n. sucrose -^ (glucose)n + n. fructose 
The equilibrium of this reaction is almost irreversibly to the right. Practically, 
sucrose is the sole substrate for Gtfs. The products of gtfB and gtfC genes 
respectively primarily catalyze the synthesis of water-insoluble glucans, 
whereas Gtf-S, the product of gtfD genes catalyze the synthesis of water 
soluble glucans. In fact, water-soluble glucan from S. mutans has been reported 
to consist of an a-(l-6)-linked linear glucose polymer with a-(l-3) glucosidic 
branch linkages. The water-insoluble glucan possess more a-(l-3) glucosidic 
linkages than water-soluble glucan and is hence resistant to the enzymatic 
action of a-(l-6) glucanase, i.e., dextranase (Hamada and Slade, 1980). The 
sticky nature of glucan facilitates the adherence of bacteria to the tooth and 
resists its detachment by normal mechanical force such as mastication, 
swallowing and chewing. The nucleotide sequence of g(/" genes from different 
oral streptococci comply with the same basic pattern and Gtfs are 
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approximately 1500 amino acids long (Russell, 1994). Streptococcal Gtfs have 
two common functional domains. The amino terminal portion, the glucan 
binding protein is responsible for glucan binding. In addition to glucan 
synthesis bacteria uses one fructosyltransferase to synthesize fructans with P-
(2-l)-D-fructo-furanosidic linkages with an average repeating unit of 8 and 27 
sugar residues (Birkhed et al, 1979). 
Streptococcus mutans produces 3 types of Gtfs, whose cooperative 
action is considered to be essential for its cellular adherence to the tooth 
surface. However, the precise mechanisms for synthesizing adhesive glucans 
and the specific roles of each Gtf in cellular adherence to smooth surfaces have 
not been elucidated. In a study by Ooshima et al. (2001) seven types of 
isogenic mutants of S. mutans MT8148 lacking GtfB, GtfC, and/or GtfD 
activities were constructed by inactivation of the genes encoding GtfB, GtfC, 
and/or GtfD. Using these Gtf-deficient mutants and rGtfs, sucrose-dependent 
adherence of S. mutans resting cells and subsequently the role of each Gtf in-
vitro was examined. The highest level of sucrose-dependent adherence was 
found at the ratio of 20 rGtfB:l rGtfC:4 rGtfD in both the resting cells of Gtf-
deficient mutants and insoluble glucan synthesized by rGtfs. Moreover, when 
rGtfC and rGtfD were both present at concentrations of 1.5 mU and 6 mU, 
respectively, the insoluble glucan synthesized from sucrose by the rGtfs 
showed a high level of adhesiveness to smooth surfaces, even without rGtfB. 
These results suggest that the presence of all three Gtfs at the optimum ratio is 
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necessary for sucrose-dependent adherence of 5*. mutans, and that GtfC and 
GtfD may play significant roles in the synthesis of adhesive and insoluble 
glucan from sucrose. 
1.8.3 Other proteins related to sucrose metabolism 
In addition to Gtfs, 5". mutans also produces three Glucan binding proteins 
(Gbps); GbpA, GbpB and GbpC. GbpA and GbpC are considered to participate 
in the initial adherence and hence contribute to cariogenicity of 5". mutans 
(Matsumura et al, 2003). Studies with GbpB-deficient mutant strain suggest 
that GbpB may have an important role in cell-wall construction and be 
involved in cell separation and cell maintenance (Fujita et al., 2007). 
A global response regulator (vicR) plays important roles in S. 
mutans ftf and gtf expression in response to a variety of stimuli. Moreover, 
dietary carbohydrates influence the expression of these genes. This suggests 
regulatory circuits for exopolysaccharide gene expression in S. mutans 
(Shemesh et al., 2006). 
1.8.4 Biofilm 
The formal formation of dental plaque leading to dental caries by .S". mutans is 
a multistep mechanism (Figure 1.6). Initial attachment of 5. mutans is followed 
by its accumulation and proliferation, leading to the formation of a sessile, 
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Figure 1.6 Stages leading to colonization and infection ofS.mutans on tooth surface. 
A- Normal oral flora. B- Initial adhesin-mediated attachment of 5. mutans. 
C- Synthesis of extracellular polysaccharide by bacteria resulting in 
aggregation of S.mutans. D- The acid released by aggregated cells leads to 
demineralization and cavitation of tooth. S. mutans (^ and other oral 
microbes - ^ , • , adhesin- J}, Sucrose moeity-
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expolymer shrouded community known as biofilm. Biofilms can tolerate 
numerous adverse conditions such as antimicrobial agents, variation in pH, 
nutrient and oxygen deprivation. The physiology of the organism in such 
surface associates communities is different from that of planktonic cells 
(Davey and O'toole, 2000). 
LuxS-mediated quorum sensing has been shown to regulate 
important physiologic functions and virulence in a variety of bacteria. The role 
of luxS of Streptococcus mutans in the biofilm formation is important. 
Reporter gene fusions showed that inactivation of luxS resulted in a down-
regulation of fhictanase, a demonstrated virulence determinant, by more than 
50%. The LuxS-deficient strain (TW26) showed increased sensitivity to acid 
killing but could still imdergo acid adaptation. This study demonstrated that 
/wXiS'-dependent signaling plays critical roles in modulating key virulence 
properties of iS*. mutans (Wen et al, 2004). The expression of more than 200 
genes was foxmd by microarray analysis to be altered in cells lacking biofilm 
regulatory protein BrpA (P < 0.01). The loss of brpA can dramatically 
influence the transcriptome and significantly affect the regulation of acid and 
oxidative stress tolerance and biofilm formation in S. mutans, which are key 
virulence attributes of the organism (Wen et al, 2006). 
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1.8.5 Acidogenicity and acid tolerance 
The mutans Streptococci ferment many different sugars, and they may appear 
to metabolize sugar to lactic acid more rapidly than other oral bacteria. S. 
mutans can grow at low pH, some growing at less than pH 4. This helps in the 
caries process, i.e. decalcification of dental enamel, taking place at relatively 
low pH. Acid production in S. mutans is thought to be related to the multitude 
of enzyme systems catalyzing the reactions of transport and metabolism of 
sucrose expressed by these organisms (Kuramitsu, 1993). These metabolic 
reactions render the dental plaque acidic in the presence of a fermentable 
carbon source, and the acid tolerance of the mutans Streptococci enables them 
to continue metabolisms even at low pH. The strains of mutans Streptococci 
are more tolerant than of all other bacteria examined, with the exception of 
lactobacilli (Loesche, 1986). An inducible property exists in Streptococcus 
mutans which permits adaptation to acidic enviroimients (Hamilton and 
Buckley, 1991; Birkhed et al, 1993). Bender et al (1986) found that the 
property of acid tolerance appears to be connected with the membrane-
associated H"^  (Proton)-translocation ATPase of these organisms. This is 
attained along with expression of stress response proteins that help bacteria in 
adapting to acidic conditions (Svenaster et al, 2000). In S. mutans a pH 
change from 7.4-5.5 resulted in induction of an acid-tolerance response over a 
2 hour period that increased cell survival at pH 3.0 (Svenaster et al, 1997). 
The pH change resulted in significant alterations in protein synthesis; 
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extraction followed by one dimensional electrophoresis, revealed the up 
regulation of 36 proteins, with 25 of these being acid responsive proteins 
appearing within the first 30 minutes of the pH change (Hamilton and 
Svenaster, 1998). The synthesis of many of the proteins was transient during 
the 2 hour adaptation period. The identity of the proteins is not known, but the 
molecular mass comparison suggested that both acid specific proteins (i.e. 
components of H+/ATPase) and general stress protein (i.e. heat-shock protein) 
are present in the extract of the acid-induced cell (Svenaster et al, 2000). This 
overlap is highly significant for the survival of cells in nutritionally limited 
environments and transient exposures to carbohydrate rich areas. Prolonged 
acidification of S. mutans cells results in the increased specific activity of 
membrane Fl-ATPase involved in proton efflux during pH homeostasis. 
Early studies of S. mutans characterized it as a homolactic fermentor 
(Drucker and Melville, 1968). LDH was shown to be produced constitutively, 
but its activity was foimd to be entirely dependent on the presence of fructose 
1,6-diphosphate (Brown and Wittenberger, 1972). Under growth conditions 
where intracellular fructose 1,6-diphosphate concentrations are low, such as 
with limiting glucose, fermentation end products other than lactate have been 
observed. Anaerobically the activity of pyruvate formate-lyase accounts for the 
observed production of formate, acetate, and ethanol (Abbe et al., 1982). In an 
aerobic environment, pyruvate formate-lyase is inactivated by oxygen, and 
instead, pyruvate dehydrogenase activity can account for the observed 
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production of acetate and acetoin (Hillman et al, 1987). It was initially 
presumed that these alternate pathways for pyruvate dissimilation would 
enable an LDH deficient mutant of S. mutans to thrive under both aerobic and 
anaerobic cultivation conditions. The finding that LDH deficiency was lethal in 
S. mutans suggests that these pathways are less active, resulting in growth 
inhibition from NAD-NADH imbalance and/or the accumulation of glycolytic 
intermediates. It was also demonstrated that LDH lethality in S. mutans can be 
overcome by limiting the supply of glucose. 
1.8.6 Mutacin Production 
Bacteriocins are proteinceous antibacterial substances produced by some 
bacteria to inhibit or interfere with the growth of other bacteria. These 
bacteriocins are ribosomally synthesized and usually require extensive post-
translational modification for activity (Madigan et al, 1997a & b). The genes 
involved in the synthesis and modification of bacteriocins are often carried by 
a plasmid or a transposon. Bacteriocins are fi-equently named according to the 
bacterial species producing them; bacteriocin produced by streptococci is 
called mutacin. Mutacin production in usually not plasmid encoded (Caufield 
et al, 1990). It is active against other streptococcal species and non-
streptococcal gram positive bacteria (Hamada and Ooshima, 1975). The 
production of the bacteriocin helps in the efficient establishment and hence 
colonization of this bacterium inside the oral cavity (Rogres, 1976). Hillman et 
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al. (1987) found that bacterial strains with increased mutacin production could 
colonize the oral flora of an adult even after a single application. 
1.8.7 Production of intracellular polysaccharides 
Many plaque bacteria can synthesize intracellular iodine staining 
polysaccharide (IPS) from high concentration of various sugars. Most S. 
mutans strains produce a storage IPS which may contribute to the 
pathogenicity of S. mutans (Herman et al., 1967). These IPS are similar to 
those of the oral streptococci and are glucose homopolymers with a-(l-4) and 
a-(l-6) linkages (van Houte and Jansen, 1970). The synthesis of IPS is linearly 
proportional to the intracellular carbohydrate concentration (glucose or 
sucrose) (Freedman and Coykendall, 1975). The metabolism of IPS may foster 
the development of caries by prolonging the exposure time to organic acids 
when bacterium is devoid of an external food source. Numerous reports 
confirm IPS as an important contributor to the cariogenicity of S. mutans 
(Harris and Michalek, 1992). 
1.9 Remedies for dental caries 
1.9.1 Habits and hygiene 
The lifestyle of a person and behavioural factors that manipulate the oral hygiene 
undoubtedly, influence the susceptibility to dental caries (Selwitz et al, 2007). 
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Continuous brushing and flossing of teeth removes the bacteria and fermentable 
substances as well. The continuous flow of saliva reduces the cariogenic flora on 
the tooth. Saliva also acts as a buffering agent during the continuous acid 
production in the oral cavity (Kleinberg, 2002). hidividuals with dry mouth 
syndrome are hence more prone to dental caries. This has been observed with 
people following radiation treatment of head and neck cancer, using narcotics and 
patients with Sjogren's syndrome (Dreizen and Brown, 1976; Lowenthal, 1967). 
Dental caries is correlated with sugar uptake in the diet. Licrease in 
urbanization has led to the replacement of crude sugar by refined sugar that 
worsened the situation (Peterson, 2003). Numerous studies indicate the linear 
correlation of sugar consumption with dental caries in population worldwide 
(Marthaler, 1990; Burt, 1993). However, starchy foods and fresh fruits are 
reported to be less cariogenic. Foods that involve extensive mastication stimulate 
production of saliva and hence have low cariogenic potential. Intake of fibrillar 
and firm ftxuts like apple and carrots act as natural toothbrush, as they clean the 
tooth surface during chewing. Substitution of fermentable carbohydrates by 
xylilitol, saccharin and aspartame has been efficiently used for reducing caries 
(Naylor, 1986). Fluids like juices and milk seems to be less cariogenic as they are 
lesser retained in oral cavity. Consumption of carbonated drinks however pose a 
higher risk to dental caries (Sowers et al., 2006). 
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1.9.2 Fluoride-uptake 
Our teeth (enamel and dentin) are comprised of minerals mainly carbonated 
hydroxyapatite and can be approximately represented by the formula 
Caio-x (Na)x (P04)6.y (C03)z (0H)2-u (F)u (Featherstone, 2000) 
Dental caries is essentially a disease of demineralization. Considerable data 
supports the fluoride-uptake as a remedy to it by acting as an active agent in 
remineralization. The electrostatic interaction between Ca"^ ^ and the F" is greater 
than the force between Ca"^ ^ and OH" ions, making the fluoridated apatite lattice 
more crystalline and more stable (Frazier, 1967). As a consequence it becomes 
less soluble in acid (Brown et al, 1977). The direct topical administration of 
fluoride on the tooth after its eruption is better than its intake in the diet (Johnston, 
1994). It is hence the most important component in tootlipastes and mouthwashes. 
Flourides may also inhibit bacterial metabolism. Flouiine in the ionic form (F~) 
carmot cross the cell wall and membraiie of bacteria but can be taken up readily as 
fluoric acid (HF). When pH in tlie plaque falls, a portion of F-" combines with 
hydrogen ions to from HF and diffuses into the cell. After the entry into the cell, 
HF acidifies the cell and dissociates thereby releasing F~ ions. F~ are toxic to cells 
as they interfere with the enzyme machinery of the cell [Featherstone, 1999]. 
Although the first line defense, yet no absolute inverse relationship between 
fluoride-uptake and caries could be obsei-ved universally (De Paola et al, 1975). 
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1.9.3 Antibiotics 
Ever since the establishment of dental caries as an infectious disease, antibiotics 
are constantly in use for treating it. Chlorhexidine digluconate (CHX) had been 
considered as a gold standard in this field. It has been used with the aim of 
elimination or suppression of mutans streptococci in the oral cavity. CHX 
damages outer cell layers but is insufficient to induce lysis or death (El-Moung et 
al, 1985). Moreover, it crosses cell wall or outer membrane by passive diffusion 
and attacks bacterial cytoplasm, followed by leakage of cellular constituents. 
However, high concentration causes coagulation of intracellular constituents. As a 
result cytoplasm becomes congealed with a consequent reduction in leakage. Thus 
there is a biphasic effect on membrane permeabilities: In the presence of CHX, 
high rate of leakage is observed initially but as CHX concentration soars leakage 
decreases because of the coagulation of cytosol (Mc Doimell and Russell, 1999). 
The best results in reducing dental plaque have been observed with chlorhexidine 
gels and mouthwashes (Emilson, 1994). As disparities in its efficacy against 
varying subjects have been observed, CHX caimot be regarded as single line 
defense for the cure of caries (Twetman, 2004). 
The pioneering work of McClure and Hewitt indicated the usefulness 
of penicillin in preventing experimentally induced caries (1946). Many other 
antibiotics with activity against gram-positive bacteria depress the development of 
dental caries in experimental animals (Fitzgerald, 1972; 1973). S. mutans has been 
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reported to be highly susceptible to penicillin, methicillin, ampicillin, 
erythromycin, cephalothin and many other antibiotics (Little et al., 1979). More 
antibiotics are now screened for their effects against oral biofilms (Nguyen, 2005). 
1.9.4 Rediscovering traditional medicines: Herbal cure 
Various chewing sticks had been in use since old times for the removal of dental 
plaque. With less prevalence of caries in people using it, their mode of action is 
being explored. Extracts from the roots and stems of Salvadora persica have been 
used for treatment of oral infections in animals (Sulaiman et al, 1968). Aqueous 
and ethanolic extracts were able to remove the smear layer from dentin surfaces 
(Babay and Almas, 1999). It had been found that aqueous extracts of 5". persica 
bark, pulp as well as the whole of it were effective against various bacteria 
including Streptococcus mutans (Almas and Al-Bagieh, 1999). 
The chewing sticks used in India are usually from Azadiracta indica 
(Neem). Neem extracts show antimicrobial effects against Streptococcus mutans 
and S.faecalis (Almas, 1999). Formulation of mucoadhesive dental gel containing 
Neem leaves extract (25 mg/g) reduced both, the plaque index and bacterial count 
(Pai et al, 2004). Acacia is also used as an active constituent in toothpastes in 
India. The components of its bark and gimi chiefly, tannins show antimicrobial 
and astringent effect (Arias et al, 2004). Plant tannins have the ability to reduce 
the attachment of S. mutans by binding to proline rich protein of the salivary 
pellicle or with the cell-surface lipoteichoic acid (Wolinsky and Sote, 1984). 
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Lectins are sugar-binding proteins of non-immune origin that 
agglutinate cells and/or precipitate glycoconjugate molecules (Naeem et al, 
2007). Algal lectins had been shown to inhibit the bacterial attachment to the AEP 
in-vitro (Teixeira et al., 2007). Plant lectin from Talisia esculenta and Labramia 
bojeri do not inhibit the growth oi Streptococcus mutans but were found to inhibit 
the bacterial adhesion on AEP (Oliveira et al, 2007). 
As most of the commonly used antibiotics are effective against 
planktonic bacteria hence more studies are now aimed to target biofilm of S. 
mutans as a whole (Rukayadi and Hwang, 2006). Notably glucan-mediated 
bacterial attachment is an important feature of biofilm formation, plethora of herbs 
are evaluated for their effect on this property of bacteria (Table 1.2). 
Andrographis paniculata. Cassia alata, Chinese black tea, guava and Harhsonia 
perforale showed decrease in adherence to glass surface as well as saliva-coated 
hydroxyapatite beads (Limsong et al., 2004). Recently specific compounds from 
guava have been characterized for their anticariogenic potential (Prabu et al, 
2006). Oolong tea extracts show remarkable inhibitory effect on the rate of acid 
production along with retardation in growth of S. mutans. It is attributed to the 
polyphenols present in the extracts that also reduce the cell surface hydrophobicity 
of the bacteria (Matsumoto, 1999). 
32 
Chapter-l 
Table 1.2 List of plants that had been used to study antimicrobial and anti-
adhesion effects against S. mutans 
Plant source 
Piper betle 
Curcuma xanthorhiza 
Glycyrrhta uralensis 
Cocus nucifera 
Ziziphus joazeiro 
Caesalpinia pyramidalis 
Aristolochia cymbifera 
ACT onychia baueri 
Kaempheria pandurata 
Mikania laevigata 
Allium sativum 
Coffea arabica 
Magnolia grandijlora 
Juglandaceae regia 
Terminalia chebula 
Myrsiticafragnans 
Nidus vespae 
Vitis vinifera 
Vaccinium macrocarpon 
Psidium cattleianum 
Thymus vulgaris 
Cyperus rotundus 
Polygonum cuspidatum 
Lippia sidoides 
Cratoxylum formosum 
Sagittaria pygmaea 
Punica granatum 
Saussurea lappa 
Asarum sieboldii 
Eugenia caryophyllata 
Psoralea corylifolea 
Part used 
leaf 
rhizome 
root 
husk fiber 
inner baric 
leaves 
rhizome 
bark 
rhizome 
leaves 
bulb 
coffee beans 
bark 
stems 
fruit 
fruit 
honeycomb 
fruit 
fruit 
leaf 
leaf 
tuber 
root 
leaves 
gum 
whole herb 
fruit 
root 
whole plant 
bud 
Seeds 
Reference 
Sharmae/a/.,2008 
Rukayavadi and Hwang, 2006 
Belt, 2008 
Alviano era/., 2008 
Alviano et al., 2008 
Alviano et al., 2008 
Alviano et al., 2008 
Bodet era/., 2008 
Hwang era/., 2004 
Yatsuda era/., 2005 
Baled and Douglas, 2005 
Dagliaera/., 2002 
Greenberg era/., 2007 
Jagtap and Karkera, 2000 
Carounanidy et al., 2007 
Chung era/., 2006 
Xizo era/ , 2007 
Thimothe era/ , 2007 
Gregoire et al., 2007 
Brighenti et al., 2008 
Hammad era/ , 2007 
Yu era/ , 2007 
Song era/ , 2007 
Botelhoero/,2007 
Suddasthiraera/., 2006 
Liu era/, 2007 
Vasconcelos et al., 2007 
Yu era/ , 2007 
Yu et al., 2006 
Rahim and Khan, 2006 
Katsuraera/, 2001 
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Many essential oils in combination with CHX had been tested for better efficacy 
in inhibiting growth as well as biofilm of oral flora. Essential oils from cinnamon, 
Leptospermum morrisoni, manuka and tea tree oil exhibited growth inhibitory 
effect against cariogenic bacteria. They suppress biofilm formation during 
planktonic growth as well as growth of preformed biofilms. Chlorhexidine in 
combination with cinnamon, L. morrisoni and Manuka oil resulted in better 
efficiency of Chlorhexidine in inhibiting the growth of 5". mutans (Filosche, 2005). 
Compounds found in propolis, effect the growth and glucosyltransferase activity 
of 5. mutans (Koo et al, 2000). Topical application of propolis twice a day or its 
inclusion in drinking water reduced the incidence of dental caries in rats (Ikeno et 
al, 1991). Of the various components of propolis studied earlier, tt-famesol was 
the most effective antibacterial agent while apigenin was found to be most potent 
inhibitor of glucosyltransferase (Koo et al, 2002). 
1.9.5 Probiotic therapies 
Enormous strides have been made in comprehending the cure for dental caries by 
the aid of genetic engineering. The sequencing of complete S. mutans genome 
marks the beginning of an era of fashioned therapies (Ajidic etal, 2002). An ideal 
drug for caries prevention should aim at maintaining the normal homeostasis of 
the oral cavity and reducing the virulence of 5. mutans (Figure 1.7). 
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Figure 1.7 An ideal approach for the control of dental caries. S.mutans - ^ P , S. 
mutans in oral cavity aggregated on the surface of teeth and ferment sugars 
to produce acid leading to pathogenicity. 
Sucrose moiety- W, Sucrose moieties facilitate aggregation of bacterial 
cells on the tooth surface. Drug candidate-A, A potent drug combating 
pathogens to reduce the cariogenicity. The drug should specifically interact 
with S. mutans and inhibit both adhesin and polysaccharide mediated 
attachment. It should act as a buffering agent and control the acid 
production by oral microbes (Islam et al, 2007), 
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1.9.5.1 Vaccines 
Immune defense in dental caries is mediated mainly by secretory IgA present in 
saliva and generated by mucosal immune system. The mode of action of these 
antibodies is inhibition of adherence and possibly metabolic activities of 5. mutatis 
(Russell et al, 1999). In view of vaccine development against caries, the virulence 
factors, specifically the adherence motivating factors are recognized as key 
antigens. The research focus is mainly on the incorporation of these antigens into 
mucosal immune systems and delivery with or without adjuvants to mucosal IgA 
inductive sites (Smith, 2003). Novel strategies using Ag I/II, Gtfs and glucan 
binding proteins are designed for pursuing vaccine goal as these are main proteins 
that mediate the attachment of bacteria. Induction of salivary IgA and circulating 
IgG antibodies have been observed by oral or intranasal immunization with these 
antigens in many animal models (Jespersgaard, 1999). Similar antigen 
preparations in human trials have shown successful induction of salivary S-IgA 
(Childers et al, 2002; 1997). Tailored vaccines possesing immunogenic sites of 
the virulence determinant traits have showed significant caries-preventive results 
(Katz et al., 1993). However, chimeric proteins using both Agl/II and Gtfs, has 
shown most encouraging response (Zhang et al, 2002). DNA vaccines using these 
proteins are also developed and assayed for their anticariogenic spectrum (Fan et 
al, 2002). Better efficiency of fusion DNA vaccine coding for both Agl/II and 
glucosyltransferases in rats has also been reported (Guo et al, 2004). 
TEliSltJi 
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Numerous approaches for passive immunization are employed to avoid 
complications that might arise from active immunization (Ferretti et al, 1980). 
Immunity through antibodies for glucosyltransferases available through cow's 
milk (Loirmaranta et al, 1998), hen's eggs (Hamada et al, 1991; Hatta et al, 
1997) and plantibodies (Ma et al, 1998; 1995) has been reported. Efficient 
delivery systems are being developed for a continuous and controlled release of 
vaccines. Both animated (Huang et al, 2001) and non-animated vehicles as 
liposomes (Michalek et al, 1992) and microparticles (Smith et al, 2000) have 
been assessed in animal models. 
1.9.5.2 Replacement therapy 
In the post-genomic era, recombinant DNA technology is being used for finding 
an answer to dental caries. The recent word in vogue is replacement therapy. 
Genetic engineering is being used to tailor the effector strain for replacement 
therapy of dental caries, which acts as a vaccine and should not be pathogenic. 
Moreover, it colonizes the niche, thereby preventing colonization and outgrowth 
of wild type strains. Using this approach, a harmless strain is permanently 
implanted in the host's oral flora. Once established, the effector strain competes 
with the wild-type strain and prevents its outgrowth (Hillman, 2002). 
An effector strain with all these properties, BCS3-L1 was constructed 
from a clinical isolate JH1140 with high mutacin activity and genetic stability. 
The mutagenesis approach has also been used successfully by constructing a 
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lactate dehydrogenase mutant, which has been reported to reduce cariogenic 
potential (Johnson et al, 1980). The resultant strain thus produced, was deficient 
in lactic acid production and had elevated mutacin levels. Colonization studies 
with the mutant strain BCS3-L1 shows no pathogenic hazards as histopathological 
examination showed no detectable carious lesions (Hillman et al, 2000). 
L10 Identification of unknown proteins in bioftim formation 
S. mutans is now regarded as the principal microbiological aetiological agent 
of dental caries and a target of novel preventive strategies. Beyond initial 
adherence, it appears that a variety of genes are required for the proper 
maturation of biofilms formed by S. muians and other oral streptococci. By the 
use of specific- and random-mutagenesis strategies, many different types of 
genes that are required for these organisms to transition from adherent 
microcolonies to complex, three-dimensional biofilms have been identified. 
These include those for intercellular communication systems and 
environmental sensing systems, components of the general stress response 
pathway involved in protein repair and turnover, global regulators of 
carbohydrate metabolism, and adhesion-promoting genes (Yoshida and 
Kuramitsu, 2002). 
Interestingly, many of the genes identified to affect biofilm 
formation affect the expression of a large panel of genes, many of which are 
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either unidentified or have no known function (Shemesh, 2007). 
Characterization of these genes of unknown function is generally recognized as 
an essential step toward fully understanding the biology of the host organisms 
and for establishing potential targets for novel and broadly effective 
therapeutics against S. mutans and other pathogens. There are a large number 
of hypothetical proteins of as-yet-unknown function present in the aimotated 
genome of 5. mutans (http://www.stdgen.lanl.gov/oragen). Among these proteins, 
there could be other unknown surface proteins that play an important role in 
adhesion and maturation of biofilms. Techniques like 2D protein analysis and 
microarray are now being used to screen out the expression of all genes 
involved in the formation of a biofilm (Rathsam et al, 2005; Ajidic and Pham, 
2007). An integrated approach to study protein-function relationship was 
employed to study the variation in S. mutans genome (Waterhouse et al, 
2007). 
The ability to induce mutations has been a major driving force in 
studying genetics for the past 75 years (Muller and Mott-Smith, 1930). Among 
the mutagens that have been used to induce mutations, chemical mutagens 
administered in various ways have become especially popular in studying the 
forward genetics of bacteria. Alkylating agents, such as ethyl methanesulfonate 
(EMS), are particularly effective, because they form adducts with nucleotides, 
causing them to mispair with their complementary bases, thus introducing base 
changes after replication (Ashbumer, 1990). EMS is a potent and efficient 
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mutagen for generating point mutations. The common effect is to cause G/C-A/T 
transition, although it does produce some small deletions and other chromosomal 
rearrangements (Anderson, 1995). Therefore, chemical mutagenesis has become 
the method of choice for genetic studies, remaining popular even with the advent 
of sophisticated transgenic technologies that allow for tagging or precise targeting 
of mutational lesions. 
1.11 Objectives 
In view of the present background we initiated our study with the following 
objectives: 
a. To evaluate traditionally used Indian herbs for their use in dental caries 
with special reference to their effect on the growth and biofilm forming ability of 
S. mutans. The study was also aimed to identify and characterize the active 
compound from crude herbal extracts. 
b. To study the effect of purified lectins on the bacterial growth, adherence to 
AEP and biofilm formation oiS. mutans. 
c. To isolate and characterize mutants of S. mutans defective in biofilm 
formation which may contribute to the understanding of regulatory genes in oral 
biofilms. 
!^> 
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2.1 Materials 
Source 
SRL Chemicals 
India 
Sigma Chemicals 
USA 
Qualigens Fine 
Chemicals, Mimibai 
Chemicals 
Acrylamide 
Ammonium sulfate 
Ammonium persulfate 
CTAB 
Copper sulfate 
Isopropanol 
Folin's reagent 
N,N' -methylene-bis-acrylamide 
Sodium Dodecyl sulfate 
Glycerol 
P-mercaptoethanol 
Bovine Serum albumin 
ECLkit 
Nitrocellulose membrane 
TEMED 
Glutaraldehye-SEM grade 
Taq DNA polymerase with lOX 
buffer containing 15 mM MgCl2 
Acetic acid glacial 
Crystal Violet 
Coomassie brilliant blue R-250 
EDTA 
Glycine 
Sodium carbonate 
Sodium chloride 
Sodium potassium tartarate 
Formaldehyde 
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Hi-Media Laboratories 
Pvt. Ltd, Mumbai 
Merck (India) Ltd. 
(Mumbai) 
Bangalore-Genei Pvt. Ltd. 
(India) 
Nunc, USA 
Millipore, USA 
BHI 
Mitis Salivarius Agar 
Agar 
Ethidium bromide 
EMS 
dibasic sodium phosphate 
monobasic sodium phosphate 
Sodium hydroxide 
Ethanol 
Mannan cross-linked agarose 
Dinucleotide triphosphates 
Enzyme-conjugated anti-rabbit 
antibody (HRPO conjugated) 
TMB/H2O2 
9-well microtitre plates 
96-well microtitre plates 
Glass coverslips 
0.45 urn filter 
Polyclonal antibody against Agl/II raised in rabbit was a kind gift from Prof. 
M.W. Russell, State University of New York at Buffalo, USA. 
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2.2 Methods 
2.2.1 Bacterial strains 
The strains of Streptococcus mutans UAI59 (MTCC#497), GS5 (MTCC#890), 
Actinomyces viscosus (MTCC#7345), Lactobacillus acidophilus (MTCC#*447) 
and Lactococcus lactis (MTCC#3038) were purchased from Microbial type 
cultvire collection (MTCC), Institute of Microbial Technology, Chandigarh. All 
the strains of bacteria were routinely grown on Brain Heart Infusion (BHI) or 
Tryptone Soyabean Casein digest (TSB) broth. Agar upto 1.5% was added to BHI 
or TSB liquid medium before sterilization to obtain solid media for plating. 
Sucrose up to a final concentration of 5% was added to the liquid medium before 
sterilization to obtain sucrose-dependent media. The cultures were stored at -80°C 
in BHI containing 25% glycerol. 
2.2.2 Generation and isolation of mutants 
Mutants from UA159 strain of S. mutans were generated by the method of 
Murchinson et al. (1982). Briefly, 1 ml of overnight grown cultures (OD~0.6-0.8) 
of 5. mutans was added to 20 ml of fresh BHI and incubated fiirther at 37°C for 2 
h. EMS at a concentration of 0.03ml/2ml was added and vortexed to dissolve. 
Culture was fiirther incubated for 2 h and the cells were then pelleted out. 
Washing was done with sterile 10 mM PBS, pH 7.2. The cells were added to 200 
ml of TSB with 5% sucrose and incubated for 24 h at 37°C. 
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10 ml of this culture were added to fresh 200 ml of TSB with 5% 
sucrose. Again, after growth for 24 hours, the 10 ml of this culture was inoculated 
into fresh 200 ml of TSB with 5% sucrose. The mutagenized culture was passaged 
four times in similar ways. Finally, cells from the last culture were plated on the 
MS agar plate after appropriate dilutions. Plates were incubated for 48 h at 37°C in 
candle jar incubation. Some of the cells on the plates showed different visible 
morphology than the wild type and were selected and inoculated in 10 ml of fresh 
BHI. 
2.2.3 Genomic DNA isolation from the S. mutans 
DNA isolation from 5". mutans was done by the plant genomic DNA isolation 
method of Sambrook et al, 2001 with slight modifications. 1.5 ml of 5. mutans 
culture was centrifiiged (0D~ 0.5-0.6) at 10,000g, pouring out supernatant and 
leaving behind ±25 |j.l of liquid.The bacterial suspension was then vortexed and 
700 1^1 of extraction buffer (Appendix) was added with proteinase K. After 
thorough mixing, it was incubated at 65°C for 30 mins for lysis. The lysed 
bacterial was centrifiiged at 10,000 g for removal of debris. To the clear lysate 650 
]x\ of CIA (Appendix) was added. It was vortexed to form an emulsion and then 
centrifiiged at 12,000 g for 7 mins. The clear supernatant was then transferred to a 
new eppendorf 200 \x\ of extraction buffer (without proteinase K) and 650 ^1 of 
CIA was added to it. It was then centrifiiged at 12,000 g for 7 minutes. The 
supernatant was transferred to a clean eppendorf tube and 650 ^1 of CIA was 
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added to it. It was then centrifuged at 12,000 g for 7 minutes. The supernatant was 
transferred to a clean eppendorf tube and 1 volume of isopropanol was added. The 
tubes were flickered for complete precipitation of DNA. The DNA was recovered 
by centrifiigation at 4°C for 10 minutes in an eppendorf tube at 10,000 g. The 
isopropanol was then poured off without dislodging the DNA pellet. The pellet 
was then rinsed twice with 70% ethanol and then left to dry at room temperature. 
It was dissolved in 30 |al TE buffer with 10 |ag/ml of RNase. It was incubated at 
37 °C for 30 minutes. The dissolved DNA was then checked for its purity on 0.8% 
agarose gel. 
2.2.4 PCR based confirmation of 51 mutans 
The forward primer 5'-AGCCATGCGCAATCAACAGGTT-3' and reverse 
primer 5'-CGCAACGCGAACATCTTGATCAG-3' were used at a concentration 
of 0.4 \iM. Each reaction tube contained 25 |il of reaction mixture, including 1.5 
Units of Taq polymerase, 2 ^1 of dNTP mix containing 10 mM of each dNTPs and 
1 |ig of DNA in a PCR buffer containing 1.5 mM of MgCh. The PCR program 
was 5 minutes of initial denaturation at 95°C followed by 35 cycles of 15s at 94°C 
for dentauration, 30 s at 68°C for annealing and 1 minute for elongation at 72°C. 
After final elongation at 72°C for 10 minutes, the PCR product was cooled and 
then analyzed on a 2% IxTAE (Appendix) agarose gel with 0.5 mg/ml of ethidium 
bromide to visualise the result. 
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2.2.5 Preparation of herbal extract and purification of active fraction 
Leaves of Azadirachta indica, Syzygium cumini and Morus alba were obtained 
from local garden in Aligarh, India. The plants were used after verification from 
Department of Botany, A.M.U., Aligarh. The leaves were washed thoroughly and 
dried at 37°C. The dried leaves were pulverized and then suspended in 95% 
ethanol for 2-3 days. After filtration and evaporation, the extract was oven-dried at 
60''C. Each extract was re-dissolved in ethanol to give the desired concentration. 
This extract was refluxed in petroleum ether to separate the oily portion from the 
concentrated active fraction. This active fraction was chromatographed on a silica-
gel column (75 cm x 2.1 cm), gradually eluting it with solvent in increasing 
polarity. The solvent system initially comprised of 3 liters of pefroleum ether, 
followed by increasing concentration of ether in petroleum ether. Separate 
fractions of 30 ml were collected at a flow-rate of 2.5 ml/min. The aliquots of 
each fraction were subjected to thin-layer chromatography (glass slides coated 
with silica gel, 1 mm) and stained with iodine vapors. The pure fractions were 
dried in the oven at 45°C. The dried fractions were dissolved in DMSO-ethanol 
(1:4, vol/vol) to obtain a final concentration of 1 mg/ml. 
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2.2.6 Isolation of lectins from plant sources 
The source and carbohydrate specificity of the lectins used in this study is shown 
in table 2.1. The lectins were extracted from their source by classical methods of 
protein isolation and precipitation by ammonium sulfate. The crude proteins 
obtained, were purified by sugar-affinity chromatography (Naeem et al, 2007). 
Protein concentration was assayed by the method of Lowry et al., using bovine 
serum albumin as standard (1951). 
2.2.7 Antimicrobial activity against oral microbes 
A. viscosus, S. mutans UA159 and five clinical isolates ofS. mutans, SM4, SMS, 
SM6, U152 and U153 were inoculated into BHI broth in test tubes and grown in 
stationary culture for 24 h at 37°C. Similarly, L. lactis and L. acidophilus were 
grown in Mueller Hinton broth. Aliquots of 100 ^l culture were inoculated in 10 
ml of fresh media containing varying concentration (0-0.75%) of crude extract or 
lectin (serially diluted 250- 0.97 mg/1). Solvent controls were used in all the cases 
although ethanol at highest concentration used did not show any inhibitory effect. 
Culture was incubated for 24 hrs at 37°C with continuous shaking. The 
turbidometric analysis was done at 600 nm after 24 hrs. The viable cell-coimt was 
obtained by spreading 100 ^1 of culture after appropriate dilution. The plates were 
incubated for 48 h at 37°C and cells as colony forming units (CFU) were coimted. 
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Table 2.1 List and source of plant lectins used in this study 
Abbreviation of 
the lectin 
Con A 
TFA 
WGA 
PNA 
CCL 
PHA 
PSA 
Source 
Canavalia ensiformis (jack 
bean) 
Trigonella foenumgraecum 
Triticum aestivum 
Arachis hypogaea (agglutinin 
Peanut) 
Cajanus cajan 
Phaseolus vulgaris (red 
kidney bean) 
Pisum sativum (PSA) 
Carbohydrate specificity 
Mannose/Glucose 
Mannose/Glucose 
N-Acetylglucosamine 
galactose and N-
acetylgalactosamine 
Mannose/Glucose 
N-Acetylglucosamine 
Mannose/Glucose 
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2.2.8 Determination of minimum inhibitory concentration (MIC) of crude 
extract and active compound against oral microbes 
The strains of S. mutans (UA159 and clinical isolates) and A. viscosus were 
inoculated into BHI in test tubes and grown to stationary phase for 24 h at 37°C 
up to 10 -^10^ CFU/ml. 50 ^l of overnight growth culture diluted to 10^ -10^  
CFU/ml was inoculated into fresh BHI (50 |il) containing varying concentration, 
serially diluted (1000- 0.97 fig/ml) extract, plant lectin or isolated compound. A 
final concentration of 0.001% (v/v) Tween 80 was included to enhance the 
solubility of the extract. The MIC was defined as the minimum concentration of 
compound limiting turbidity to <0.05 absorbance unit at 630 rmi. MIC 
determination for L. acidophilus and L. lactis was done in similar way in Mueller 
Hinton broth. 
2.2.9 Anti-adherence activity of extract and active fraction against S. mutans 
in presence of glucan 
Glass surface adherence assay was performed by the method of Hamada et al. 
with slight modifications (1981). The bacteria were grown for 24 h at 37°C at an 
angle of 30° in a glass tube with 10 ml TSB containing 5% sucrose and varying 
concentration of inhibitory compound. Appropriate solvent controls were always 
included. After incubation, the attached cells were removed by 0.5 M sodium 
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hydroxide, suspended in 50 mM phosphate buffer, pH 6.8 and quantified by 
reading at 600 nm. 
Percent Adherence = Adhered Cells x 100 
Total Cells 
2.2.10 Isolation of saliva 
Saliva was collected from four healthy individuals refrained from eating and tooth 
brushing for a minimum of 2 h prior to contributing. The pooled saliva was cooled 
on ice and then clarified by centrifiigation at 4000 g for 20 min at 4''C (SheUis et 
al, 2005). The supernatant was then filtered through a 0.45 i^m pore filter and 
frozen at -20°C imtil use. 
2.2.11 Effect of lectins on the initial adherence of S. mutans on the saliva 
coated surface 
Assessment of the adherence of bacteria to saliva coated surface was done by 
using the protocol of Jakubovics et al. with modification (2005). Briefly, 100 jxl of 
clarified saliva added to 96-well flat bottomed microtitre plates with 100 \i\ of 
coating buffer (20 mM of carbonate buffer, pH 9.3), was incubated for 2 hours at 
4°C. The saliva-buffer mixture was then decanted and wells were washed twice 
with TBSC buffer (10 mM Tris-HCl, 150 mM NaCl, 5 mM CaCb, pH 7.6). The 
cell pellets of 5". mutans from exponential phase were resuspended in TBSC at 
OD6oo=l-5 and 100 \i\ of it was added to each well of microtitre plate. Varying 
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concentrations of lectins (500-0.97 mg/1) were then added and total volume of 
each well was made up to 200 fjl with TBSC buffer. Buffer and unattached cells 
were decanted from the microtitre plates after incubation for 2 hours at 37 °C. The 
remaining planktonic cells were removed by gentle rinsing with sterile water. The 
adherent cells on microtitre plates were fixed with 37% formaldehyde at 25 °C for 
30 minutes. Staining of the adherent cells was done with 200 ^1 of 1% crystal 
violet for 15 minutes at room temperature. After two rinses with distilled water, 
the bound dye was released from the cells with 100 ^1 of 7% acetic acid. Plates 
were then set on shaker for 5 minutes to allow fiill release of the dye. The cells 
that were attached to saliva-coated surface were then quantified indirectly by 
reading the intensity of the dye at an ODgBOnm ^y ELISA plate reader, Qualigens 
India. 
2.2.12 Biofilm assay 
Assessment of the biofilm formation was done by using the protocol of Loo et al. 
with few modifications (2000). Briefly, 50 \x\ of overnight growth culture of S. 
mutans sfrain (MTCC 497) diluted to 10^ -10* CFU/ml was inoculated into fresh 
BHI (150 nl) with 5% sucrose containing varying concentration (0- 0.075%) of 
exfract or isolated compoimd (0-5 mg/1) with respective control. After incubation 
for 24 h in a microaerobic atmosphere at 37°C, media and unattached cells were 
decanted from the microtitre plates. The remaining planktonic cells were removed 
by gentle rinsing with sterile water. The wells with the presumably formed 
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biofilms were fixed with formalin (37%, diluted 1:10) plus 2% sodium acetate, 
and each well was stained with 200 fil of 1% crystal violet for 15 minutes at room 
temperature. After two rinses with distilled water, bound dye was removed from 
the cells with 100 |il of 7% acetic acid. Plates were then set on shaker for 5 
minutes to allow fiill release of the dye. Biofilm formation was quantified by 
measuring optical density at 630nm by Qualigens ELISA reader. Separate 
biofilms were formed in the presence of crude extract (0-15 mg/1) to study the 
time dependent effect on formation of biofilm. At 6-, 12-, 20- and 24-h the 
biofilms were proceeded for analysis by the above stated protocol. 
2.2.13 Effect of oxidized-pure fraction from M. alba on the biofilm of S. 
mutans 
The purified component was incubated with 0.02 M sodiimi weto-periodate in 
0.05 M sodium acetate buffer (pH 4.5) at 4°C overnight, and then oxidized 
purified component was evaluated for its effect on biofilm formation on microtitre 
plates by the above stated protocol. A control with equivalent amount of sodium 
/neto-periodate was used as a vehicle control. 
2.2.14 Identification and analysis of the active compound from M. alba 
The potent fraction of M alba extract was subjected to GC-MS chromatography. 
The GC-MS was obtained on a Shimadzu QP-200 instrument at 70 eV and 250°C. 
The ULBON HR-1 GC column equivalent to OV-1, fiised silica capillary-0.25 
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mm X 50 M with film thickness-0.25 micron, was used for separation. Helium was 
used as the carrier gas. The initial temperature was 100°C for 5 minutes and then 
heated at the rate of 5°C per minute to 250°C. The Hl-NMR spectroscopy was 
used for the identification of the compound. The NMR spectrum was measured 
on a Bruker DRX-300 spectrometer at 300 MHz in CDCI3 containing TMS as 
internal standard at 25°C. The IR spectroscopy was done on a Shimadzu 8201 
from 4000-450 cm'' with KBr as the solvent. 
2.2.15 Confocal microscopy 
Biofilms, for confocal analysis were cultivated on glass coverslips (n=3) as 
described in Lynch et al. with slight modifications (2007). 100 |il of a 1.0 ODeoonm 
culture of 5. mutans were inoculated in a 9-well microtitre plate seeded with glass 
coverslips, containing TSB supplemented with 0.25% sucrose. 1 and 5 mg/1 of 
DNJ was used to observe its effect on the formation of biofilms. The plates were 
incubated at 37°C for 24 h under anaerobic conditions. 
To study the effect of lectins on the biofilm formation, coverslips were first 
coated with clarified and filter sterilized saliva. Briefly, 9-well microtitre plate 
seeded with glass coverslips were incubated for 2 hours at 4°C with 3 ml of saliva 
in 3 ml of 20 mM carbonate buffer, pH 9.3. The cover slips were then washed 
with sterile saline. The saliva coated coverslips were seeded in 9-well microtitre 
plate containing 10 ml of TSB with 0.25% sucrose and 100 or 200 mg/1 of TFA 
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lectin. The wells were inoculated with 100 )il of mid-exponential grown culture of 
S. mutans. The plates were incubated at 37°C for 24 hourj^>mder anaerobic 
v-> 
conditions. z^*- .>^K 
•Y 
j \ \ c No. ' y 
The biofilm were developed on saliva-boated glass cover sfip&'/for 
comparison between parent strain and mutants. The 9-well microtitre plate with 
seeded saliva-coated coverslips, containing 10 ml of TSB with 0.25% sucrose was 
inoculated with 100 |il of mid-exponential grown cultures of parent strain and 
mutants BSM3, BSM5 and BSM61 respectively. The plates were incubated at 
37°C for 24 hours under anaerobic cond itions. 
The coverslips were then removed and noninvasive confocal analysis of 
fully hydrated biofilms was performed using Leica Microsystems CLSM 
(Heidelberg, Germany) fitted with a water immersion dipping objective lens 
(60X) and a Kr-Ar Laser. The specimens were stained for 1 hr with propidium 
iodide (0.2mg/ml) in a buffer containing 0.1% sodium citrate, 0.1 mg/ml RNAse 
and 0.3% brij- 58. The excitation wavelength was 594 nm. A scan speed of 400 
lines s" was used to ensure minimum dislocation due to the movement of the cells. 
Images of the color were adapted to the 8-bit range of system. An HCX PL APO 
CS 63.0 X 1.32 Oil UV objective was used with an additional zoom of x 4, 
resuhing in a 512x512 image with a pixel size of 0.12^m.The pinhole size was set 
at lAIRY Disc. Series through the whole thickness of the biofilm were made with 
a stepsize of 0.04 \xm. Each biofilm was scanned at 5 randomly selected positions 
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away from the disk edge. In accordance with optimal settings described here, 
images were acquired utiHzing a xl digital magnification, a pinhole setting of 1 
airy imit, and a scan average of 2; the detector gain (500 to 550 arbitrary units) 
and amplifier offset (0 to 0.05 arbitrary units) to obtain adequately contrasted 
grayscale images based on the brightest region of the biofilm that was scanned. 
Each stack of an experiment was examined and the threshold value that best fit all 
image stacks of a trial was chosen. The images of control and in presence of DNJ 
or lectin were averaged and compared. 
2.2.16 Scanning electron microscopy 
Samples, for evaluation of the effect of 200 mg/1 TFA lectin on biofilm 
development and for comparison of mutants BSM3, BSM5, BSM61 and parent 
strains by scanning electron microscopy were made in a similar way as for 
confocal laser scanning microscopy. The cells were then fixed with 25% SEM 
grade glutaraldehyde in PBS, pH 7.2 for 15 minutes. Fixed samples were then 
dehydrated through a graded series of ethanol concentrations, mounted, and 
sputter coated vsdth gold-palladium. Samples were analyzed by SEM (Hitachi S-
3000 N; High Technology Operation, Japan) at several magnifications (x500 to 
X 13,000) at the EM core laboratory of JALMA, Agra. 
To see the effect of lectin on the preformed biofilms, cell monolayer 
was developed on the coverslips coated with saliva seeded in TSB medium with 
0.25% sucrose with an inoculum of 5. mutans (10^-10''cells). The coverslips were 
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then incubated with 200 mg/1 of TFA lectin in TBSC buffer for 2 hours at 37°C. 
The fixing and coating of the samples on coverslips was done in similar way as 
above. 
2.2.17 Isolation of secretory proteins of 5. mutans 
S. mutans strains were grown in BHI supplemented with 1% (w/v) glucose (Total 
volume taken was 100 ml). After an overnight growth, cells were harvested and 
culture supernatant was used to isolate the secretory protein. The protein was 
precipitated by 80% saturated ammonium sulphate. The precipitate dissolved in 
20 mM phosphate buffer (pH 6.8) was extensively dialysed against 20 mM 
phosphate buffer (pH 6.8). Protein concentration was estimated with Folins-
Ciocalteu reagent by the method of Lowry et al. (1951). 
2.2.18 Estimation of polysaccharides 
iS" .mutans UA159 was grown in presence of 5 mg/1 of purified compound for 24 h 
at 37°C in BHI supplemented with 1% (w/v) glucose (Total volume taken was 100 
ml). Respective control without compound, under similar conditions was used for 
protein isolation to compare the total amount of secreted protein. 
To measure total glucan a reaction mixture containing 1.5 mg of dialyzed 
protein in 10 ml of 50 mM sucrose buffered to pH 5.7 with sodium acetate 
(0.05M) and supplemented with 50 ^g of purified compound was set for 24 h of 
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incubation at 37°C. The reaction mixture was then centrifuged at 10,000 g for 10 
minutes to separate water-soluble polysaccharide (part A, supernatant) and alkali-
soluble polysaccharide (part B, pellet). To part A, four parts of methanol was 
added to precipitate out the polysaccharide. After centrifiigation, the precipitate 
was washed thrice with methanol to remove nonpolymerized sugars, and dried in 
air. The precipitate was resuspended in water and polysaccharide in it was 
measured by phenol-sulfuric acid method (Masuko et al, 2005). The part B was 
dissolved in 1 N NaOH (1 mg of pellet/ 0.3 ml of 1 N NaOH). The alkali-soluble 
polysaccharide was then precipitated using 4 parts of methanol. It was washed, 
dried, resuspended and estimated as part A. Similar protocol was followed for 
polysaccharide estimation in mutant strains of .S mutans. 
2.2.19 Isolation of total cellular proteins of Streptococcus mutans 
Cells of 5. mutans UA159 and mutants BSM3, BSM5 and BSM61 were grown at 
37°C in an anerobic environment upto an OD 6oonm of 1-5. The cells were pelleted 
and washed in a standard cell wash buffer {Appendix). The cells were again 
pelleted by centrifiigation at 12,000 g for 4 min at 4°C. The washing was repeated 
three times. The washed cell pellets were resuspended in lysis buffer {Appendix) 
and left on ice for 10 minutes with intermittent sonication. The cell lysate was 
centrifiiged at 12,000 g for 10 minutes at 4°C. The supernatant was collected and 
protein in it was measured by the method of Lowry et al. (1951). 
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2.2.20 SDS PAGE and Western blotting 
The total proteins of the mutants and the wild type was compared by running 10 
Hg of the protein on a 4% stacking and 6% SDS gel. The gel was then stained by 
Coomassie brilliant blue. For the western blotting, the separated proteins were 
electroblotted onto nitrocellulose membrane. The blotted membranes were then 
blocked with 5% skimmed milk and then incubated with rabbit polyclonal Agl/II 
antibody (diluted 1:1000) and peroxidase conjugated rabbit IgG (diluted 
1:10,000). The signal for the antibody binding was detected by electro 
chemiluminescence. 
2.2.21 ELISA 
10 ng of total protein from the parent strain and mutants BSM3, BSM5 and 
BSM61 dissolved in 100 \il of 20 mM carbonate buffer, pH 9.3 were coated on the 
polystyrene plates. The plates were washed with PBS-T (Appendix) and then 
blocked with 5% skimmed milk in bicarbonate buffer. The plates were washed 
thrice with PBS-T and then incubated with rabbit polyclonal Agl/II antibody for 2 
hours at 37°C. The plates were washed thrice with PBS and the incubated for 2 
hours with 100 ^1 of anti-rabbit peroxidase coated antibody, dilutions ranging 
from 1:100 to 1:1000000. The plates were washed thrice with PBS and the 50 jil 
of TMB. The reaction was stopped immediately after appearance of color using 50 
^ilof4NH2S04. 
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2.2.22 Two-dimensional protein electrophoresis 
The total protein isolated by the above described method was analyzed by 2D 
electrophoresis using the method of O'Farrell (1975). 100 \ig of proteins were 
loaded per strip and the first-dimensional electrophoresis was done using 2% 
ampholines, pH 4-7. The fixed maximum current was 50 microampere and 
temperature was 20°C. The proteins were focused for 3 hours at lOOV, 7 hours at 
500V, 1 hour at lOOOV, 1 hour at 2500V, 1 hour at 3500V, Ihour at 4500V, 1 
hour at 6000V and 4 hour at 8000V. The second dimensional electrophoresis was 
carried out using a 12% SDS gels. Gels were then silver stained, digitally scanned 
and analyzed using automated software Decodon Delta 2D version 3.6. 
The gel pictures of parent strain and mutants BSM3, BSM5 and 
BSM61 were loaded on the Delta 2D platform and warped for the 2D image 
analysis. The spot detection was done using the software and a synthetic ftision 
image was constructed of all the four images. The spots were transferred from the 
fusion image to the individual images and were then quantified (Berth et al., 
2007). 
2.2.23 Statistical analysis 
All the values were calculated as the mean of individual experiments in 
triplicate, compared with control groups. Comparison between the thickness of 
DNJ-treated and untreated biofilms was done using SPSS 11.0.0 statistical 
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software using one-way ANOVA and posthoc tests (LSD); statistically significant 
tests were set at a P-value of <0.05. Absorbance from crystal violet staining assays 
were evaluated for statistically significant differences using Student's unpaired 
two-sided / test (assuming unknown and unequal variances) with an alpha level of 
0.05 implemented in Matlab version 7.0.01 (Mathworks, Natick, MA). The 
absorbance data were verified to be approximately normally distributed using the 
qqplot function in Matlab version 7.0.1 to meet the assumptions of the / test. Error 
bars in the figures indicate standard error of the mean. 
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3.1 Introduction 
Dental caries is principally a microbially induced disease, caused by endogenous 
oral microflora, specifically Streptococcus mutans. This complex disease is 
caused by an imbalance in physiologic equilibrium between tooth mineral and 
biofilm fluid (Fejerskov and Nyvad, 2003). Until recently, caries microbiology 
has dealt with cells in planktonic phase. It has only recently been appreciated that 
some bacteria attached to the surfaces through polysaccharides generated by 
secretory glucosyltransferases (Gtfs), form a biofilm and may show a minimal or 
decreased response to antimicrobial agents (Presterl et al., 2005). This has opened 
an escalating demand of compounds that may reduce the biofilm formation by 
inhibiting the secretion or activity of Gtfs. A plethora of Indian medicinal herbs 
are employed for treatment of dental caries albeit, they lack sound scientific 
evidence. 
Mulberry (Morus alba) is best known for its habitat of silk worm (Bombyx 
mori). Traditionally, M. alba is chewed in dental-ache to avoid fiirther destruction 
or cavitation of the tooth. As a Chinese herbal medicine the leaves are 
antibacterial, astringent, diaphoretic, hypoglycaemic, odontalgic and ophthalmic. 
Recently mulberry has garnered great attention for its antioxidative and 
antidiabetic effects and is an important ingredient of herbal tea. Leaves of M alba 
comprises of flavonoids like apigenin (42.7 mg/g) and quercetin (4.0 mg/g) 
(Suntomsuk et al, 2003). But none of the reports so far evince any anticariogenic 
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potential of the leaf-extract of mulberry. However, a flavonoid kuwanon-G had 
been isolated from root bark of M. alba, shows only antibacterial activity against 
S. mutans (Park et al, 2003). The present study deals with the antimicrobial, anti-
adherence and anti-biofilm activity of A. indica and M. alba against S. mutans. 
3.2 Experimental overview 
The ethanolic extracts from leaves of different plants were evaluated for its 
antimicrobial and antiadherence effect. The best effect was observed by M alba 
crude extract and hence its effect on biofilm formation of S. mutans on 
polystyrene microtitre plates was also evaluated by methodology outlined in 
section 2.2.12. The potential compoimd was purified from the crude extract by 
column chromatography and its structure was evaluated by GC-MS, NMR and IR 
spectroscopy. The effect of purified compound on the biofilm of S. mutans was 
evaluated by CLSM. The mode of biofilm inhibition was explored by isolation of 
proteins and polysaccharides produced, when S. mutans was grown in presence of 
purified component. 
3.3 Results 
3.3.1 Antimicrobial activity of crude extracts 
The crude extracts of M. alba, A. indica and S. cumini were tested for their 
antimicrobial effect against oral pathogens. Table 3.1 shows that in the 
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Table 3.1 Effect of crude extracts of M alba, A. indica and S. cumini on the 
growth of oral pathogens. The table below shows OD of the bacteria 
after an overnight growth. 
Soui 
ofi 
1 
1 
i 
xe / Concentration 
he extract (mg/1) 
100 
50 
10 
5 
100 
50 
10 
5 
100 
50 
10 
5 
L. acidophilus 
2.06 
2.06 
2.09 
2.10 
2.08 
2.10 
2.10 
2.10 
0.92 
1.21 
1.53 
1.82 
L. lactis 
1.29 
1.98 
2.01 
2.08 
2.03 
2.05 
2.04 
2.05 
0.79 
1.12 
1.67 
1.92 
S. mutans 
0.72 
1.43 
1.72 
1.73 
\.60 
1.65 
1.68 
1.69 
1.54 
1.57 
1.59 
1.61 
A. viscosus 
1.96 
1.98 
2.05 
2.08 
2.01 
2.03 
2.03 
2.04 
0.57 
0.83 
1.25 
1.78 
-65-
CliapUr-3 
concentrations used and conditions stated, crude extract of S. cumini did not 
inhibit the growth of any of the oral pathogens tested here. Crude extract of A. 
indica inhibited the growth of all oral pathogens to varying degree and showed the 
least effect against S. mutans. However, crude extract of M. alba inhibited the 
growth of S. mutans preferentially, as compared to other oral microbes tested in 
the present study. Figure 3.1 shows the effect of crude extract of M alba on the 
growth of A. viscosus, L. acidophilus, L lactis and S. mutans. In this study S. 
mutans was also isolated from caries-active subjects to check the effect of crude 
extract on the clinical isolates. The isolates were confirmed to be S. mutans by 
PCR-based characterization of one of the short nucleotide sequence of gtf gene. 
The positive isolates showed a 415 bp product (Figure 3.2). The effect on five 
clinical isolates of 5. mutans, SM4, SMS, U152, U153 and SM6 is shown in figure 
3.3. Growth of 5. mutans was inhibited by crude extract of M alba (P<0.05) in a 
concentration-dependent manner. To confirm the activity, the cells were plated on 
3% sheep blood agar plates after an overnight growth in the presence of the 
extract, with appropriate dilutions. The growth inhibitory activity by M. alba was 
found to be bacteriostatic in nature. 
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Figure 3.1 Effect of varying concentration of crude extract of M alba on the 
growth of different oral microbes 
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Figure 3.2 Representative of 2% agarose-gel of PCR product done for 
confirmation of the S mutam isolaies. Lane M indicates the 100 bp 
ladder. Lane P indicates UA159 strain. Lane 1-6 contains clinical 
isolates of S. mutam. 
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Figure 3.3 Effect of varying concentration of crude extract of M alba on the 
different clinical isolates of 5. mutans 
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3.3.2 Determination of MIC 
Table 3.2 shows the MIC of crude ethanolic extract of M alba against MTCC 
strains of different oral pathogens. The crude extract of M alba shows a selective 
inhibitory activity against S. mutans and hence reflects a better potential in 
restoring the oral imbalance in dental caries. The active compound purified from 
M. alba showed an MIC of 15.625 mg/1 against MTCC strain of 5". mutans. The 
decrease in MIC by about 8-folds reflected a high activity of pure compound than 
the crude extract. The MIC was also evaluated against clinical isolates of <S. 
mutans. The clinical isolates showed a statistically similar inhibitory effect and 
MIC like standard strain (P>0.05). 
3.3.3 Anti-adherence effect of extracts to glass tubes 
The inhibitory effects of herbal extracts at different concentration on adherence of 
S. mutans (MTCC 497) to glass tube are shown in figure 3.4 The extract of M 
alba inhibited sucrose independent adherence slightly (r= -0.00092). The extract 
of M alba however inhibited sucrose dependent adherence in a pronounced dose-
dependent manner (r= -0.02386). The adherence of S. mutans was found to be 
reduced by 50% at 25 mg/1 concentration of M alba. 
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Table 3.2 Minimum inhibitory concentration (MIC) of crude extract of M. alba 
and purified component against MTCC strains of prevalent oral 
bacteria 
Microorganism 
(MTCC) 
Streptococcus mutans(497) 
Lactobacillus acidophilus(447) 
Lactococcus lactis (3038) 
Actinomyces viscosus(7345) 
MIC of 
crude extract 
mg/I 
125 
No inhibition 
125 
1000 
MIC of 
purified component 
mg/I 
15.625 
No inhibition 
62.5 
125 
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Figure 3.4 Effect of the crude extract of M alba on the glass-dependent adherence 
by S. mutans in the absence (sucrose independent) and presence of 5% 
sucrose (sucrose-dependent). The turbidity after adding 0.5 M NaOH 
was read at 600 run to reflect the number of adhered cells. The 
maximum adherence was observed in the control (without extract). The 
percent adherence for both extract was calculated by taking the 
positive control as 100 to calculate the percent OD of adhered cells in 
the presence of the extract. 
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3.3.4 Biofilm formation by S. mutatis 
The crude extract of M. alba inhibited the biofilm formation in a concentration-
dependent maimer (Figure 3.5, inset).The effect of extract was tested at 6-, 12-, 
20- and 24-h to see whether it could adversely affect S. mutans biofilms on each 
phase of biofilm growth: 6 h, adherent phase; 12 h, active accumulated phase; 20 
h, begirming plateau accumulated phase and 24 h, plateau accumulated phase 
(Rukayadi and Hwang, 2006). The results of these experiments demonstrated that 
activity of M. alba extract in removing S. mutans biofilm was dependent on the 
concentration and the phase growth of biofilm (Table 3.3). The biofilms of S. 
mutans at the adherent phase (6 h) was less affected by variations of the extract 
treatment. The growth of 5. mutans biofihn at the active accumulated phase (12 h) 
was 72% inhibited, maximally. It was remarkable that the biofilm formation was 
drastically reduced at active accumulated phase, begirming plateau accumulated 
phase and plateau accumulated phase. A similar result was also obtained when 
biofilms of iS. mutans was developed in presence of active fraction (Figure 3.5). 
3.3.5 Estimation of glucan 
The amoimt of protein was estimated by the method of Lowry et al (1951) using 
BSA as a standard (Figure 3.6). Carbohydrate content was measured by the 
Dubois method using glucose as the standard (Figvire 3.7). The amount of 
polysaccharides synthesized by the total secretory proteins of 5. mutans was found 
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120 
0 0.5 1 1.5 2 2.5 3 
Concentration of purified fraction (mg/L) 
Figure 3.5 Biofilm formation on a polystyrene plate by S. mutans in the 
presence of purified compound. The biofilm was quantified by 
indirect method of crystal violet staining read as OD at 630nm. The 
positive control was taken as 100 to calculate the percent OD in 
presence of the test agent. The inset shows the effect of crude extract 
on the biofilm of 5. mutans. 
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Table: 3.3 Effect of crude ethanolic extract of M alba leaves on the biofilm at 
different concentrations and at varied phases of growth of MTCC 497 
strain of 5. mutans 
Concentration 
of extract 
(mg/l) 
0 
5 
10 
15 
Percentage of adherent cells on the microtitre plate at 
different phases of growth 
6h 12h 20h 24h 
22.89±0.05 
18.07±0.03 
19.27±0.03 
20.48±0.02 
86.74±0.10 
83.13±0.06 
49.39±0.04 
24.09±0.03 
95.18±0.09 
84.33±0.05 
66.26±0.05 
42.16±0.07 
lOO.OOiOO 
85.54±0.04 
71.08±0.06 
51.80±0.04 
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Figure 3.6 Standard plot of protein with known concentration of BSA 
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Figure 3.7 Standard plot of carbohydrate estimation with known concentration of 
glucose 
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to be lesser in the cells grown in the presence of purified fraction from M. alba as 
compared to its vehicle control. The amount of water-soluble polysaccharide 
formed in the presence of 5 mg/1 of purified compound was found to be 23.2% 
lower with respect to control while the amount of alkali-soluble polysaccharide 
was 44.8% lower than the control. The amount of protein isolated was however 
the same in the absence and presence of the extract. The XTT assay confirmed 
that the concentrations used did not affect the bacterial viability. This implies that 
the test material inhibits the synthesis of glucan by the bacteria, without affecting 
the protein secretion. The moderate glucan synthesis in growing cells of 5. mutans 
resulted in decreased cellular adherence to a glass surface. 
3.3.6 Effect of oxidized-pure fraction on S. mutans 
The purified active fraction after oxidation by sodium weto-periodate was tested 
again for its effect on planktonic growth as well as biofilm of S. mutans. The 
fraction after oxidation lost its inhibitory effect on the growth of 5. mutans in the 
concentrations tested. The biofilm formation was also unhindered suggesting a 
complete loss of activity of the pure fraction upon oxidation. This data implicated 
that the active component is a carbohydrate moiety. 
3.3.7 Identification of the compound 
The purified compound was obtained as pale white amorphous compound. The 
GC-MS showed (m/z) signals at 87, 84, 82, 50,49,48 and 47 (Figure 3.8). 
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Figure 3.8 The mass spectra of the compound purified from crude extract of M. 
alba leaves. The peaks are representative of the relative intensity of the 
fraction with corresponding m/z (amu) 
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The NMR spectrum showed peaks at S -5.4 (dd, NH), ^5.1 (broad 
singlet), S 4.7 (dd), d 4.4 (m), d 4.2 (dd.), S 4.0 (dd), <5 3.6 (dd), <5 3.4 (dd) (Figure 
3.9). The spectra revealed presence of glucose like peaks in the region 4.7-3.5 
ppm. The anomeric carbon (H-F) at 4.7 was coupled to a proton at d (3.4, H-2', 
J=8 Hz). Proton with d (3. 6, H-3') also demonstrated coupling with H-4' which 
appeared as multiplets at 4.4 which in turn exhibited connectivity at H-5' at 3.6 
and 4.0. Hydroxymethyl group at 4.0 and 4.2 revealed geminal coupling in 
addition to vicinal coupling with 3.6 assignable to H-5'. The doublet at 5.36 is 
assignable to proton attached to nitrogen. 
The IR spectrum shows bands, v cm-1 at 3376, 1655, 1453, 1407, 1108 
and 1027 (Figure 3.10). The IR spectrum depicted characteristic absorption bands 
for NH and OH group as a broad hump centered at 3376 cm-1. NH and OH 
groups have some common properties and their absorption due to these groups are 
superimposed making their identification difficult. The other IR peaks were 
indicative of 1655 (N-H bending), 1453 (C-H methylene), 1407 (C-N group), 
1108 (>C-0) and 1027 (C-0) respectively. 
3.3.8 Confocal laser scanning microscopy of the biofilms 
Confocal analysis of biofilms in absence and presence of DNJ was performed to 
provide an insight into effect on the biofilm architecture. These concentrations 
used were first tested for its cytotoxic effect by XTT assay. None of the 
concentrations used effected the growth of 5. mutans. The cells appeared red 
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Figure 3.9 The HI NMR spectra of purified compound fi*om crude extract of M 
alba leaves. 
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against the black background due to Propidium iodide staining of DNA (Figure 
3.11). Each panel of image is a representative view of 141.145|im by 141.145|am 
along the xy axis. CLSM-xy analyses provided biofilm surface coverage while the 
z-section analyses demonstrated the thickness of the biofilm. The control cells 
show biofilms that are less spread along xy lane and show a thickness of 18.5±0.2 
^m. The cells grown in presence of 1 mg/1 of DNJ showed more clumped cells, 
covering a larger surface area but the thickness was 16.8±0.1 |am. The cells grown 
in presence of 5 mg/1 of DNJ showed complete absence of clumped cells and the 
thickness was 10.3±0.4 ^m. The cells were individually scattered over the surface, 
rather than in an arrangement. 
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Figure 3.11 Confocal images of biofilm of 5. mutans in absence and presence of 
DNJ. Panel A represents the two independent images of S mutans 
24 h old biofilm developed in TSB supplemented with 0.25% 
sucrose. The colored images represent the image in RGB scale and 
alongwith are present same images in gray scale. Panel B 
represent S. mutans 24 h old biofilm developed in TSB 
supplemented with 0.25% sucrose and 1 mg/L of DNJ. Panel C 
reptesats S. mutans 24 h old biofilm developed in TSB 
supplemented with 0.25% sucrose and 5 mg/1 of DNJ 
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3.4 Discussion 
Mulberry (Morus alba L.; Moraceae) has been cultivated in many Asian countries 
such as China, Korea, Japan and Thailand, The plant is a native of Asia and is 
widely exploited for their varied medicinal properties. However, here exists a 
lacuna as regards to scientific validation of the effects. The anticariogenic effects 
of M. alba found to be above par, has been less focused. We found that it 
selectively targets S. mutans as compared to other oral microbes (Figure 3.1). The 
crude extract shows conspicuous growth inhibitory effects against S. mutans 
(Figure 3.3). This shows that the extract can be useful in restoring the oral 
imbalance. 
The crude extract also shows strong inhibitory action against glass-
dependent adherence of S. mutans in presence of high sucrose concentration, 
whereas the sucrose-independent adherence was reduced to a lesser extent (Figure 
3.4). The sucrose-independent adherence is mostly due to the hydrophobic 
interaction of the cells with the glass (Weiss et al., 1982). The fewer adherence in 
the presence of extract can be an effect of oils from plant extract which reduce 
hydrophobicity of the bacteria. The sucrose-dependent adherence was decreased 
to a marked level. The bacteria synthesize sticky polysaccharides (glucan) with 
sucrose as the substrate that mainly mediate the clumping of the cells. It is thus 
implied that extract can reduce the polysaccharide-mediated adherence of the 
bacteria. 
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The biofilm formation by bacteria is also mediated by glucan. The sticking 
of cells on a polystyrene surface forms a model for the in-vitro biofilm formation 
of bacteria (Loo et al., 2000). This approach was used to study the biofilm of S. 
mutam in the presence of mulberry leaf extract at varying concentration. The dye-
released by the bound cells is an indirect revelation of bacterial monolayer formed 
on the wells. The optical density at 630 nm decreases in the presence of extract or 
purified component as the case may be (Figure 3.5), in a concentration-dependent 
maimer. 
It was foimd that only after 6 h of incubation, the extract of M alba did 
not inhibit the primary adherence to the polystyrene plates reflecting the inhibitory 
role in biofilm development rather than primary attachment to the surface. The 
cells show reduced adherence after 12 h, 20 h and 24 h implying that the extract is 
inhibitory at the active accumulation phase and plateau phase (Table 3.3). These 
stages of accumulation are marked by active synthesis of glucan (Wen et al, 
2002). This entails that the extract either inhibits the glucan synthesis or reduces 
glucan binding of the cell. 
The extract of the leaf M. alba was subjected to column-
chromatography for the separation of the components. Interestingly, only a single 
component of the whole extract reproduced the anti-cariogenic activity, which 
was analyzed by GC-MS. The single peak in the chromatogram confirmed the 
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purity of the component. This fraction exhibited both the bacteriostatic effects 
(Table 3.2) and anti-adherence effects (Figure 3.5). 
The glucosyltransferases (GTF) secreted in the presence of active fraction 
from M. alba and control was used for in-vitro synthesis and estimation of water-
soluble and alkali-soluble glucan. Although, the amount of secretory protein was 
found to be same, the polysaccharide formed was less in the presence of active 
component. We conclude that the extract is not effective at the protein-secretion 
level but it inhibits the formation of glucan by the protein. 
The potential anticariogenic compound from M. alba was analyzed by MS, 
NMR and IR spectroscopic techniques. The complete analysis considering the 
entire spectra confirmed the compound to be 1,5 deoxy-l,5-imino-D-glucitol, 
commonly known as 1-Deoxynojirimycin (DNJ) (Figure 3.12). Although the MS 
did not show the peak for M l^"^  at 164, the fragments observed are characteristic 
of its structure. This compound is iminosugar analog of D-glucose, with the 
oxygen in the ring replaced by nitrogen, and were originally isolated from plants 
and microorganisms, although a considerable number of analogs have been 
synthesized during the past few years (Jacob and Bryant, 1993). The concentration 
of such sugar mimic alkaloids in mulberry leaves is 0.14% (Konno et al, 2006). 
This is the first report that shows the anti-adherence effect of DNJ with 
mulberry as the parent source. The inhibition of glucan formation by DNJ has 
been previously explored (Wunder and Bowen, 1999; Wright et al, 2002) and 
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Figure 3.12 Chemical structure of 1-Deoxynojirimycin (DNJ) 
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obvious as the compound being glucosidase inhibitor trims the -a (1-6) Hnkage 
(Butters et ai, 2005). The inhibition of alkali-soluble (44.8%) glucan by active 
component was more than water-soluble glucan (23.3%). Our results corroborate 
with the findings of Bo wen and Wunder (1999) that the activity of Gtf B was 
inhibited to a higher extent by DNJ than the activity of Gtf C and D. 
The CLSM images depict the architecture of cells in a biofilm. The cells in 
control are embedded in a polysaccharide matrix that stimulates the clustering of 
the cells. The microcolonies grew away from the substratum to resemble 
mushroom stalk and cap like structures. Undoubtedly, the biofilm architecture was 
disturbed in the presence of DNJ. The presence of 1 mg/1 DNJ resulted in biofilms 
consisting of shorter microcolony height and a more even distribution over the 
substratum. The classic biofilm architecture of mushroom cap and stalk seems to 
loss away. The presence of 5 mg/1 DNJ resulted in loss of aggregates completely. 
The cells were scattered individually along the substratum. 
DNJ is known for its a-glucosidase inhibitory activity and is used in 
treatment of diseases marked by glycosylation of altered proteins. DNJ and its 
derivatives has shown therapeutic effects in Gaucher disease, Niemann-Pick and 
other lysosomal disorders (Piatt et ai, 1994, Winchester and Fleet, 1992) The 
compound has also been exploited for its use in anti-HIV and other anti-viral 
therapy (Tiemey et al, 1995). 
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The MIC of DNJ is comparable to the compounds foimd in propolis (Koo 
et al, 2002). With the current background, DNJ is above par than the natural 
essential oils that target the cells by mainly disrupting the membranes and DNJ 
has lower MIC value (Filoche et al, 2005). Therefore, DNJ could be a promising 
compound for targeting S. mutans in dental caries. The mulberry leaves can be 
consumed raw and hence evades the doubt of any serious toxic effects. The 
glucosidase inhibitors often cause intestinal discomfort and diarrhea (Goke et al, 
1995), hence the incorporation of compound in the toothpastes, gels and chewing 
gimis may be a better choice. 
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4.1 Introduction 
Lectins are sugar-binding proteins of non-immime origin that agglutinate cells 
and/or precipitate glycoconjugate molecules (Naeem et al, 2007). Multiple non 
specific protein-protein interaction stabilize the binding of lectin to the cells and 
therefore the affinity a lectin displays for cells or macromolecules (ligands) is 
several orders higher than that for single sugars (Liener et al, 1986). The cell-
surface of microorganisms is covered with abundant and diverse carbohydrates. 
The ability of plant lectins to react vdth surface-exposed carbohydrates of 
microbes has made it possible to widely employ them as diagnostic and 
therapeutic agents (Munoz-Crego et al, 1999). Plant-associated bacteria interact 
with plant tissues via adhesins and the specificity of interaction is guarded by 
lectins present in the plants (Danhom and Fuqua, 2007). Some early studies have 
reported the inhibition of motility and multiplication of some plant bacterial 
pathogens by agglutinins (Gaidamashvili and van Staden, 2002; Karpunina et al, 
2003).This may lead to new insights into the possible interaction of plant lectins 
with himian pathogenic microorganisms. Lectin binding on the wall of 
Streptococcus mutans can block the available sites for exopolysaccharide as well 
as cell-cell binding and reduce its attachment to the tooth (Teixeira et al, 2006). 
In this study seven plant lectins had been screened for their effect on the growth, 
adherence and subsequent biofilm formation of 5. mutans. 
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4.2 Experimental overview 
The effect of lectins on the growth of S. mutans was evaluated by microdilution 
method. Effect of lectins on the initial adherence of 5. mutans to the saliva-coated 
surfaces was assessed. The time-dependent effect of lectins on the biofihn 
formation of S. mutans on saliva-coated surfaces was also studied. CLSM and 
SEM were performed to compare the arrangement of cells in the biofilms formed 
by S. mutans on saliva-coated surfaces in the absence and presence of lectins. 
4.3 Results 
4^.1 Effect of lectins on the bacterial growth 
We screened the effect of seven plant lectins isolated from sources edible for 
humans (Table.2.1) on the viability of 5. mutans. Growth was observed at even 
the highest concentration tested (250 mg/1) of all the plant lectins. Higher 
concentrations (upto 1000 mg/1) of lectins were also screened for growth 
inhibitory effects, but none of the lectin preparations reduced the viability of the 
cells. 
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4.3.2 Effect of lectins on the initial adherence of S. mutans on the saliva 
coated surface 
Figure 4.1 shows the effect of the lectins on the initial adherence of .S. mutans at a 
concentration range of 500-0.244 mg/1. The initial adherence was found to be 
reduced with increasing concentration of plant lectins (P <0.05). At 500 mg/1 the 
Con A, PSA lectin and TFA lectin showed similar and best results (-60%) of 
inhibition of initial adherence. The CCL lectin showed minimxmi inhibition 
(-39%) while WGA and PHA lectin showed average results. At the lowest 
concentration tested here (0.244 mg/1) the inhibition of initial adherence varied in 
the order Con A>PSA >TFA>PNA>CCL >WGA>PHA. 
43.3 Effect of lectins on the biofllm formation of S. mutans on the saliva 
coated surface 
The time-dependent effect of lectins on the biofilm formation of 5. mutans at two 
concentrations (100 mg/1 and 200 mg/1) is shown in figure 4.2. The biofilm of the 
cells was reduced during all phases of growth (6, 12, 20 and 24 hour), when any 
of the lectins studied here, is present in the milieu (P<0.05). At 100 mg/1, the 
biofilm formation was inhibited most by TFA lectin while the least effect was 
shown by WGA lectin. However, at 200 mg/1 the PHA lectin showed minimum 
effect and TFA lectin showed the maximum inhibitory effect towards the biofilm 
formation by Streptococcus mutans. 
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Figure 4.1 Plot showing the effect of the lectins on the adherence of 5". 
mutans 
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4.3.4 Confocal laser scanning microscopy 
Figure 4.3 shows the biofilm formation of the S. mutans in the absence (Figure 
4.3a) and in the presence of 100 mg/1 (Figure 4.3b) and 200 mg/1 (Figure 4.3c) of 
the TFA lectin. The control cells showed many aggregates of cells in the absence 
of lectin while, the cells showed lesser aggregates in the presence of lesser 
concentration (100 mg/1) of lectins. Also, in the presence of higher concentration 
of TFA lectin (200 mg/1) cells exhibited a scattered appearance. 
4.3.5 Scanning electron microscopy 
Figure 4 shows the arrangements of the S. mutans cells in the biofilms developed 
in the absence (Figure 4.4a) and presence (Figure 4.4b) of 200 mg/1 of TFA lectin. 
Figure 4.4c shows 2 hour treatment of preformed biofilms with the TFA lectin. 
The electron microscopic observations depicted that the control cells of 5. mutans 
were arranged in long chains, completely inmiersed in a pool of 
exopolysaccharides. The shape of the cell was elongated and ellipsoid. The cell 
surface appeared smooth except the septal invaginations along the surface. 
However, the biofilm developed in presence of lectin appeared to be gapped and 
patchier. The cells grown in the presence of lectin appeared in short chains. 
Moreover, the exopolysaccharide matrix was not visible. The 24 hours old 
preformed biofilms on treatment with lectins for 2 hours showed large voids 
among aggregates of cells. 
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Figure 4.3 Coofocal laser scanning 
microscopy of Streptococcus mutans adhered 
to the salK-a-coated covcrslps. (a) 
Streptococcus mutans in Tryptone Soya 
Broth + 0.25% sucrose(controI) (b) 
Streptococcus mutans witii 100 m^-1 of TFA 
lectm added to the Tryptone Soya Broth and 
0.25'0 sucrose (c) Streptococcus mutans with 
200 mgl-1 of TFA lectin added to the 
Tryptone Soya Brodi + 0.25% sucrose 
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Figure 4.4 Scanning electron microscopy of Streptococcus mutans adhered to the 
saliva-coated coverslips (a and a') Streptococcus mutans in Tryptone 
Soya Broth + 0.25% sucrose (control) (b and b') Streptococcus mutans 
with 200 mgl of TFA lectin added to the Tryptone Soya Broth + 
0.25% sucrose (c and c')24 hours old biofilm of Streptococcus mutans 
on the saliva-coated coverslips after treatment with 200 mgl" of TFA 
lectin in TBSC buffer for 2 hours 
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4.4 Discussion 
The pursuit of phytochemicals for the treatment of dental caries has led to the 
discovery of many new compounds and validation of the folklore medicines. 
Lectins agglutinate bacteria and their presence in the milieu can be exploited to 
prevent the long-term attachment of the bacteria on to the tooth surface. With this 
aim we isolated and screened some common plant lectins for their effect on the 
bacterial multiplication and biofilm formation. The MIC and MBC determination 
following CLSI guidelines suggested that in the concentrations used and under the 
conditions stated, none of the lectin used in this study inhibited bacterial growth 
and multiplication. Similar results have been reported earlier on lectins from 
Talisia esculenta and Labremia bojeri (Oliviera et al, 2007). However, all the 
lectins inhibited the initial adherence by the S. mutatis in a concentration 
dependent manner (Figxire 4.1). The mhibition of biofilm formation by Con A has 
earlier been reported, albeit by a different method (Texeira et al, 2006). The TFA 
lectin, PSA lectin and Con A showed marked reduction in initial adherence but 
TFA lectm showed a stronger dependence and correlation (r^=0.739) than PSA 
lectin (r -0.700) and Con A (r^=0.677). The biofilm assay on microtitre plate 
reveals that biofilm development by all the lectins is inhibited at 6 hours of 
bacterial growth which marks the primary attachment phase (Figure 4.2). The 
lessening of primary attachment might have led to decreased development of 
biofilm at active accumulation (12 hours) and plateau phase (20 and 24 hours) 
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(Islam et al, 2008). The biofilm inhibition by all the lectins was found to be 
concentration dependent. However, the biofilm formation was maximally 
inhibited by TFA lectin and hence was preferred for microscopic evaluation. The 
CLSM showed that the TFA lectin reduced the aggregates of S. mutans, 
representative of biofilm in a concentration dependent manner (Figure 4. 3). The 
SEM also revealed that cells grown in presence of TFA lectin have scattered 
aggregates and shorter chains as compared to cells grown in absence of lectin 
(Figure 4.4). The uniform monolayer layer and long chains of S. mutans are 
representative of bacterial groups in a biofilm. Closer examination revealed that 
the preformed biofilms when treated with TFA lectin shows altered arrangement 
and absence of exopolysaccharide matrix. This reveals that TFA lectin binds to 
the cell-surface molecules which may be involved in maintaining the arrangement 
and structural integrity of the biofilms. 
The streptococcal cell wall contains four major antigenic polymers: 
peptidoglycan, group and type-specific polysaccharides, protein, and the glycerol 
form of teichoic and lipoteichoic acids (Hamada and Slade, 1980). The plant 
lectins used in this study were selected because of their specificity for different 
components of the bacterial surface and eatable sources of origin. A surface 
glycoprotein of S. mutans of 60 kDa (with mannose and N-acetylgalactosamine) 
has been known to involve in saliva and bacterial interaction (Chia et al, 
2001).The lesser adherence in the presence of glucose/mannose and galactosamine 
specific lectins could be due to the interaction with this protein. The lowest 
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inhibition by CCL could be explained as it shows lower specificity than Con A 
(Siddiqui et al, 1995). The blocking of surface glycoprotein by TFA lectin could 
be a probable reason for the inhibition of biofilm formation as revealed by 
quantitative estimations on microtitre plate and microscopic evaluations. The PHA 
and WGA lectin binds to a constituent of the peptidoglycan of the cell wall 
(Sharon and Lis, 2003). The attachment of bacteria is mediated by glucan binding 
lectin (GBL) (Arirachakaran et al, 2007). The presence of lectin in the growth 
media perhaps leads to competition between GBL of bacteria and plant lectins for 
the attachment sites on saliva coated plates resultmg in less binding of cells. 
Lectin reactions provide an attractive alternative method for inhibiting 
the formation of biofilms of S. mutans. In addition, inhibition by plant lectins is 
inexpensive and probably v^th least side effects as the lectins used here are from 
edible sources. It is apparent that the surface of S. mutans contains a variety of 
glycoprotems which may play a role in adherence phenomenon (Schmidt et al, 
2003). Inhibition of adherence by lectins of different carbohydrate specificities 
shows that different kinds of sugar residues might be present on the bacterial 
surface and contribute in mediating cell-cell and cell-surface interactions which 
might provide evidence for the complexity of the adherence process. With regard 
to bacterial surface lectins that often play a role in the initial step of adherence, 
plant lectins by interfering in this process show a promising future as anti-
adherence agents. 
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Isofktion and characterization of 
mutants ofS. nutans defective in 
cariogenic properties 
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5,1 Introduction 
Chemical mutagenesis induces change in morphological and characteristic traits 
of 5. mutans had been demonstrated earlier by Murchinson et al (1981, 1982). 
However a deeper insight into the effect of EMS on the adherence and biofilm 
formation by S. mutans was lacking. The biofilm formation by S. mutans on 
saliva-coated surface is believed to be a multi-step process (Jefferson, 2004). The 
initial adherence of S. mutans on the saliva-coated surface is mainly due to the 
interaction of its cell-surface adhesin with the salivary glycoproteins (Jakubovics 
et al., 2005). The later stages of biofilm formation are marked by active formation 
of exoploysaccharides that mediate the clumping and effective biofilm formation 
of 5. mutans {Islam et al, 2007). 
The transition from planktonic phase to biofilm phase of S. mutans is a 
resultant of many differential and altered genes (Shemesh et al, 2007). To explore 
this, we isolated the EMS-induced adherence defective mutants of S. mutans and 
characterized them on the basis of their polysaccharide and biofilm formation. The 
protein profile of the mutants that show defective initial adherence and biofilm 
formation was also evaluated. 
5.2 Experimental overview 
The adherence defective mutants were isolated by treatment of S. mutans with 
EMS by method outlined in section 2.2.2. The isolated mutants were assessed for 
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its biofilm formation at 6-, 12-, 20- and 24 hours of growth. Both the water-
soluble and alkali-soluble polysaccharide formed in the mutants was also 
assessed. The arrangement of cells in a biofilm of three mutants showing defective 
biofilm formation at all phases of growth (BSM3, BSM5 and BSM61) was studied 
by CLSM and SEM. The expression of cell surface adhesin on three mutants 
(BSM, BSM5 and BSM61) was analyzed by ELISA and western blotting. The 2D 
gel electrophoresis of total proteins from these three mutants was also performed 
to compare the proteins of the mutants with the parent strain. 
5.3 Results 
5.3.1 Isolation of EMS-induced mutants 
The cells of S. mutans, when exposed to EMS for 2 hours showed a recovery of 
14% colony-forming units. The mutagenized cells ofS. mutans were subcultured 
four times in TSB+ 1% sucrose mediimi. Table 5.1 reveals that the amount of 
adherence to the flask noticeably diminished in successive culturing. The cells 
fi-om fourth enrichment culture were plated on MS agar for colony isolation. After 
48 h of growth at 37°C, approximately 200 random colonies were picked and 
inoculated in fi-esh BHI for comparing their adherence characteristics vsdth the 
control. 
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Table 5.1 Quantitation of the adhered cells after EMS-induced mutagenesis on 
subculturing. The adhered cells were detached from 500 ml conical 
flask with 200ml of culture using 10 ml of 0.1 M NaOH. 
Number of times 
subcultured 
0 
1 
2 
3 
4 
ODeoOnm 
adhered 
1.731 
1.552 
1.213 
0.961 
0.692 
ODsoOnm 
supernatant 
1.312 
1.713 
1.922 
2.120 
2.221 
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5.3.2 Sucrose-dependent adherence defective mutants ofS. mutans 
Nearly 50% of the isolated colonies showed a marked reduction (50%) in the 
adherence to the glass surfaces when grown in TSB and sucrose, despite having a 
similar rate of growth. A week later, the adherence of isolated colonies was re-
examined and finally 30 stable mutants of .S. mutans defective in adherence to the 
glass surfaces in the presence of sucrose were obtained. Table 5.2 reveals the 
adherence of mutants as compared to the parent strain. 
5.3.3 Saliva-based initial adherence of mutants of 5!. mutans 
The initial adherence of 30 stable adherence-defective mutants of 5. mutans on the 
saliva-coated polystyrene siufaces revealed that 12 mutants showed a reduction of 
(>50%) adherence in sucrose-independent maimer, compared to the parent strain. 
The remaining 18 mutants showed reduction in adherence in sucrose-dependent 
manner. Figure 5.1 and table 5.3 show the initial adherence of sucrose-
independent mutants of 5. mutans. 
5.3.4. Biofilm assay 
The quantitative estimation of biofilm formation on the saliva-coated polystyrene 
surfaces by the sucrose-independent mutants was done by crystal-violet assay. 
Table 5.4 reveals that the biofilm formation was reduced in all the mutants as 
compared to control. 
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Table 5.2 Percent of decrease in adherence of the mutants on the glass surface 
Name of the mutant 
BSM 1 
BSM2 
BSM 3 
BSM4 
BSM5 
BSM6 
BSM7 
BSM9 
BSM 10 
BSM 11 
BSM13 
BSM16 
BSM18 
BSM19 
BSM20 
BSM22 
BSM23 
BSM26 
BSM27 
BSM29 
BSM28 
BSM30 
BSM33 
BSM37 
BSM41 
BSM47 
BSM61 
BSM62 
BSM65 
BSM70 
Percent decrease in adherence 
of the mutants 
50.95±0.07 
53.52±0.08 
68.30±0.11 
54.45±0.09 
63.24±0.08 
53.25±0.10 
55.54±0.05 
59.16±0.06 
57.35±0.08 
52.34±0.09 
53.23±0.09 
54.26±0.10 
60.12±0.12 
6I.12±0.09 
56.44±0.05 
57.71±0.07 
49.22±0.09 
52.14±0.06 
54.15±0.10 
55.92±0.09 
53.7I±0.10 
52.67±0.09 
62.19±0.07 
53.28±0.04 
55.12±0.07 
57.17±0.06 
48.15±0.05 
56.18±0.06 
58.20±0.10 
55.88±0.07 
Percent decrease in adherence^ [(O.D of adhered cells for parent strain-O.D of 
adhered cells for mutants)/ O.D of adhered cells for parent strain] x 100 
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Figure 5.1 Initial adherence of sucrose-independent mutants on saliva-coated 
polystyrene surface 
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Table 5.3 Initial adherence of the mutants 
Candidate mutants 
BSM3 
BSMIO 
BSM5 
BSM29 
BSM13 
BSM23 
BSM61 
BSM20 
BSM9 
BSMll 
BSM16 
BSM33 
Percent Initial adherence 
25.4±0.2 
32.6±0.1 
31.2±0.3 
29.8±0.3 
34.2±0.3 
39.6±0.4 
46.2±0.3 
43.3±0.2 
38.1±0.3 
41.8±0.1 
35.4±0.1 
27.8±0.2 
The ODeaonm of the cells was read after release of the crystal violet dye using 7% 
acetic acid. The ODesonm of the control regarded as 100% was subsequently used 
to calculate the percent initial adherence 
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Table 5.4 Percent biofilm formation by the parent strain and sucrose independent 
mutant strains at varied phases of growth. 
Candidate mutants 
Parent strain 
BSM3 
BSM5 
BSM9 
BSMIO 
BSM13 
BSM16 
BSMll 
BSM20 
BSM23 
BSM29 
BSM33 
BSM61 
Percent biofilm formation 
6h 
22.89 
10.22 
12.26 
15.23 
12.99 
13.65 
14.54 
16.72 
16.95 
15.97 
11.52 
10.98 
12 h 
86.74 
25.61 
33.15 
38.51 
34.25 
35.55 
37.12 
42.12 
43.73 
40.24 
27.29 
27.65 
17.09 45.25 
20 h 
95.18 
29.98 
37.23 
41.8 
38.39 
40.26 
40.43 
46.67 
48.72 
44.13 
32.24 
30.88 
49.08 
24 h 
100 
32.34 
39.17 
44.21 
43.33 
42.98 
42.55 
48.92 
51.34 
46.65 
35.49 
33.16 
53.27 
The maximum biofilm formation by the parent control strain at 24 h was assumed 
to be 100 to calculate the percent biofilm formation at different phases by the 
parent as well as mutant strain. 
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However, a time-dependent study in all the mutants reveals that biofilm formation 
was inhibited from the initial phase of biofilm formation in sucrose-independent 
adherence defective mutants while it is inhibited at later stages without much 
effect at initial phase in sucrose-dependent adherence defective mutants (Table 
5.5). The reduction of biofilm formation varied among the mutants and was most 
reduced in BSM3 and least reduced in BSM61. 
5.3.5 Estimation of glucan 
The total polysaccharides, both water-soluble and water-insoluble synthesized by 
Streptococcus mutans in the culture supernatant was estimated for sucrose-
dependent and sucrose-independent adherence defective mutants. The amoimt of 
total polysaccharides was calculated after comparison with a standard of glucose 
(Figure 3.7). The amount of polysaccharides formed in sucrose-dependent 
adherence defective mutants was found to be less than the parent control strain. 
The sucrose-independent adherence defective mutants formed polysaccharides 
slightly less than the control, but fairly more than the sucrose-dependent 
adherence defective mutants (Table 5.6). The amount of water-soluble 
polysaccharide formed by S. mutans was less than water-insoluble polysaccharide 
in the parent strain, whereas, in the mutant BSM61, water-soluble polysaccharide 
was more than water-insoluble polysaccharide. The amount of both types of 
polysaccharides was equal in the mutant BSMIO. Table 5.6 depicts that the mutant 
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Table 5.5 Average percent biofilm formation by the parent strain (PS), sucrose-
independent adherence defective mutants (SI) and sucrose-dependent 
adherence defective mutant strains (SD) at varied phases of growth 
Incubation time 
(h) 
6 
12 
20 
24 
Percent biofilm formation 
PS 
22.89 
86.74 
95.18 
100 
SI* 
14.01 
35.87 
39.98 
42.78 
SD** 
22.54 
52.17 
57.31 
58.31 
•represents the average result of 12 sucrose-independent mutants 
* * represents the average result of 18 sucrose-dependent mutants 
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Table 5.6 In-vitro glucan formation by the adherence-defective mutants of S. 
mutans 
Candidate mutants 
Parent strain 
BSMl 
BSM2 
BSM3 
BSM4 
BSM5 
BSM6 
BSM7 
BSM9 
BSMIO 
BSMll 
BSMl 3 
BSM16 
BSMl 8 
BSM19 
BSM20 
BSM22 
BSM23 
BSM26 
BSM27 
BSM29 
BSM28 
BSM30 
BSM33 
BSM37 
BSM41 
BSM47 
BSM61 
BSM62 
BSM65 
BSM70 
Total glucan 
(%) 
100 
57.27 
45.9 
87.72 
56.81 
80.9 
48.63 
48.63 
85.45 
75.45 
83.18 
85.45 
82.27 
54.09 
57.27 
82.27 
61.36 
84.54 
52.27 
57.27 
84.54 
66.36 
67.27 
86.81 
54.54 
55.45 
53.63 
87.27 
57.27 
63.63 
65.9 
Water-soluble 
glucan (mg/l) 
1 
0.57 
0.43 
0.95 
0.52 
0.86 
0.49 
0.45 
0.92 
0.83 
0.88 
0.79 
0.89 
0.54 
0.55 
0.86 
0.62 
0.88 
0.48 
0.54 
0.9 
0.62 
0.59 
0.93 
0.54 
0.58 
0.48 
1.0 
0.54 
0.62 
0.65 
Water-insoluble 
glucan (mg/l) 
1.2 
0.69 
0.58 
0.98 
0.73 
0.92 
0.58 
0.62 
0.96 
0.83 
0.95 
1.09 
0.92 
0.65 
0.71 
0.95 
0.73 
0.98 
0.67 
0.72 
0.96 
0.84 
0.89 
0.98 
0.66 
0.64 
0.7 
0.92 
0.72 
0.78 
0.8 
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BSM3 showed maximum amount of glucan formation (87.72%) while the mutant 
BSM2 showed the least amount of glucan formation (45.9%). 
5.3.6 Confocal laser scanning microscopy 
The confocal microscopy was done to compare the biofilms formed on the saliva-
coated coversUps by Ibiee sucTose-independettl adherence defectWe mvrtants 
BSM3, BSM5 and BSM61 and the parent strain. Figure 5.4 shows the cells as red 
against the black background due to the Propidium iodide staining of DNA. Each 
panel of image is a representative view of 141.145fim by 141.145|im along the xy 
axis. CLSM-xy analysis provided biofilm surface coverage while the z-section 
analysis demonstrated the thickness of the biofilm. The parent strain showed 
clumped cells while the mutant strains shows relatively segregated cells. Table 5.7 
shows the thickness of the biofilm of the parent and mutant cells. The control cells 
have 2 fold thicker biofilm than the mutant BSM3, 1.8 fold thicker than the 
mutant BSM5, while it has 1.4 fold thicker biofilm than the mutant BSM61. 
5.3.7 Scanning electron microscopy 
The Scanning electron microscopy was performed to compare the morphology 
and arrangement of the cells in the biofilms formed on the saliva-coated coverslips 
by two sucrose-independent adherence defective mutants BSM3 and BSM 61 and 
the parent strain. Figure 5.5 show that the cells of the parent strain are closely 
packed with a visible layer of exopolysaccharide surroimding it. However, the 
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Figure 5.2 Confocal laser scanning microscopy of the parent and mutant strains 
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Table 5.7 Thickness of the biofilm viewed by CLSM 
Name of the mutant 
Parent strain 
BSM3 
BSM5 
BSM61 
Thickness of the biofilm (fxm) 
24.5±0.4 
12.9±0.3 
14.7±0.5 
17.5±0.6 
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Figure 5 3 Scanning Electron Micrographs 
(4000X) of parent strain and sucrose-independent 
mutants of S mutans 
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biofilms of the mutant strain were gapped and patchier with cells segregated apart 
unlike the parent strain. 
5.3.8 SDS-PAGE of the total cellular protein 
The total proteins from the cell pellets of the parent strain and mutants BSM3, 
BSM5 and BSM61 were isolated. The amount of protein was estimated with BSA 
as a standard (Figure 3.6). Definite amounts of protein of control and the mutant 
strains (BSM3, BSM5 and BSM61) were loaded on 6% SDS-PAGE gel along 
with the molecular weight marker. The protein bands were visualized by 
Coomassie brilliant blue staining (Figure 5.4). These bands were found within the 
range of 205 to 43.0 kDa down the gel. A striking observation was that the protein 
band of about 182 kDa, which is typical of the surface adhesin was missing in all 
the three mutants, but was present in parent cellular protein extract. Figure 5.5 
shows the plot of relative mobility of the gel which was used to calculate the 
molecular weight of the protein which was absent among the mutants. The 
molecular weight of the missing protein was found to be 182 kDa. 
5.1.9 ELISA of the total cellular protein 
The total cellular protein from the parent strain was conjugated to rabbit anti-
Agl/II to compare and calculate the levels of Agl/II protein in the mutants. Figure 
5.6 shows the standard plot OD 450nm vs log of the concentration of total cellular 
protein from the parent strain. The amount of protein Agl/II from mutant was 
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Figure 5.4 SDS-PAGE of total cellular protein. The total protein from parent 
strain (Lane C) and mutants (BSM3, BSM5 and BSM 61 as Lane 3, 5 and 61 
respectively) was resolved on 6% SDS-PAGE. The proteins were visualized after 
staining with Coomassie Brilliant Blue 
-120-
Cdapter-.S 
0.2 0.4 0.6 
Relative mobility 
0.8 
Figure 5.5 Relative mobility plot of proteins on a 6% SDS-PAGE gel. 
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Figure 5.6 Direct binding ELISA of total protein from parent strain (control), 
mutants (BSM3, BSM5 and BSM61) against polyclonal antibodies of 
Agl/II raised in rabbit 
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calculated and found to be 17.5 fold less than the parent strain in BSM61, 31.6 
fold less in BSM5 and 35.4 fold less in BSM3 at the titre point. 
5.3.10 Western blotting of the cellular protein 
To confirm the lower expression of Agl/II in the mutants as compared to the 
parent strain, the total cellular protein was run on a 6% and 8% gel and blotted to 
nitrocellulose membrane and detected using polyclonal antibody of Agl/II raised 
in rabbits. The signal on the membrane was detected by chemiluminesence 
(Figure 5.7 a and b). It was found that the control strain had four bands in the 
range 100-185 kDa, while none of the mutants showed very low signal 
corresponding to Agl/II. 
5.3.11 Two dimensional protein electrophoresis of the cellular protein 
To see the differential expression of the proteins in the parent strain and the 
mutant cells, 100 ^g of the total cellular protein was used for separation and 
analysis by 2D gel electrophoresis. 12% gels on a pH 4-7 strip range analyzed by 
Decodon Delta 2D (version 3.6) revealed a total of 401 spots on the parent strain. 
Figure 5.11 shows the 2D gel of the parent strain, figure 5.12 shows BSM3, figure 
5.13 shows BSM5 and figure 5.14 shows 2D gel of BSM61. Image warping for 
the gels was done and all the gels were fused together to form a synthetic image as 
shown in figure 5.15. The spots were then transferred fi-om the synthetic image to 
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Figure 5.7 Western blot analysis of Agl/II in parent strain (C) and mutants 
(BSM3, BSM5 and BSM61). (a) 50 ng of total protein was separated 
by 8% SDS-PAGE and detected by rabbit polyclonal antibody against 
Agl/II. (b) The proteins were separated by 6% SDS-PAGE and 
detected by rabbit polyclonal antibody against Agl/II. Lane CI 
represents 10 ^g and lane C2 represents 1 |^ g of total protein from 
protein from parent strain. For the mutants 10 [ig of protein was loaded 
in each well. 
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Figure 5.8 2D gel electrophoresis of total protein from parent strain (S. mutans 
MTCC 497) 
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Figure 5.9 2D gel electrophoresis of total protein from mutant of S. mutans 
(BSM3) 
-126 
lvI\V(kI)a» 
Figure 5.10 2D gel electrophoresis of total protein from mutant of S. mutans 
(BSM5) 
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Figure 5.11 2D gel electrophoresis of total protein from mutant of 5. mutans 
BSM61 
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Figure 5.12 Synthetic fUsed image showing 5 folds or more upregulated and 
down regulated proteins (marked with blue outline). The proteins 
were randomly numbered for identification in the quantitation 
table. Landmark proteins were identified and used as Scouts data 
for prediction of the pi and Molecular weight of rest of the proteins 
by Decodon Delta 2D (version 3.6) 
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individual image. The gels from the three mutants BSM3, BSM5 and BSM61 
were grouped together, as all the mutants showed similar proteins. Moreover, no 
protein was unique to any of the mutants, only the expression level varied. 
However, when spots from parent strain were compared to this group a total of 57 
proteins showed 5 folds upregulation or downregulation (P<0.05). The 
quantitation data is shown in table 5.8 and reveals that a total of 13 parent protein 
showed downregulation while the other 44 proteins showed upregulation m 
mutants compared to the parent strain. The landmark proteins on the gel was 
labeled with pi and molecular weight to be used as scout data for the prediction of 
the molecular weight and the pi of the other proteins by delta 2D. 
-130-
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Table 5.8 Quantitation table of the proteins that show differential expression 
between group 1 (parent strain) and group 2 (mutants) (Contd ) 
spot 
ID 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
Groupl 
% Volume of Parent 
strain 
0.558 
1.070 
1.141 
0.627 
1.593 
2.118 
1.267 
0.871 
0.589 
0.214 
0.266 
6.730 
0.372 
0.065 
0.059 
0.024 
0.063 
0.055 
0.009 
0.026 
0.030 
0.065 
0.022 
0.014 
0.069 
0.026 
0.017 
0.041 
0.005 
Group2 
% Volume 
of 
BSM3 
0.041 
0.027 
0.101 
0.055 
0.135 
0.237 
0.097 
0.117 
0.111 
0.001 
0.070 
1.110 
0.032 
0.069 
0.397 
0.103 
0.408 
0.143 
0.031 
0.039 
0.099 
0.507 
0.084 
0.097 
0.707 
0.105 
0.062 
0.086 
0.001 
% Volume 
of 
BSM5 
0.003 
0.279 
0.043 
0.021 
0.071 
0.227 
0.257 
0.098 
0.132 
0.036 
0.049 
1.626 
0 
0.563 
0.310 
0 
0.120 
0.528 
0.002 
0.335 
0.222 
0.230 
0.001 
0.026 
0.274 
0.329 
0.044 
0.552 
0.012 
% Volume 
of 
BSM61 
0.127 
0.030 
0.266 
0.159 
0.393 
0.363 
0.247 
0.203 
0.055 
0.079 
0.031 
1.103 
0.115 
0.375 
0.266 
0.316 
0.557 
0.284 
0.128 
0.095 
0.224 
0.515 
0.346 
0.155 
0.408 
0.089 
0.278 
0.272 
0.106 
ratio mean % 
Volume 
'Group 2' / mean 
% 
Volume'Group T 
-9.792 
-9.541 
-8.353 
-7.963 
-7.964 
-7.677 
-6.307 
-6.222 
-5.901 
-5.488 
-5.282 
-5.251 
-5.044 
5.127 
5.477 
5.651 
5.673 
5.746 
5.841 
5.914 
6.046 
6.423 
6.435 
6.504 
6.647 
6.652 
7.195 
7.329 
7.387 
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Table 5.8 Quantitation table of the proteins that show differential expression 
between group 1 (parent strain) and group 2 (mutants) ( Contd) 
spot 
ID 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
Groupl 
% 
Volume 
of Parent 
strain 
0.012 
0.036 
0.025 
0.028 
0.034 
0.035 
0.019 
0.002 
0.006 
0.003 
0.057 
0.003 
0.030 
0.008 
0.010 
0.011 
0.008 
0.000 
0.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Group2 
BSM3 
0.016 
0.101 
0.273 
0.147 
0.137 
0.454 
0.319 
0.001 
0.005 
0.009 
0.706 
0.000 
0.253 
0.044 
0.092 
0.045 
0.911 
0.057 
0.198 
0 
0 
0.001 
0.007 
0.025 
0.066 
0.084 
0.115 
0.187 
BSM5 
0.185 
0.770 
0.200 
0.446 
0.537 
0.543 
0.026 
0.001 
0.204 
0.000 
1.708 
0.000 
1.278 
0.449 
0.695 
0.795 
0.592 
0.001 
1.228 
0.010 
0.016 
0.021 
0.005 
0.414 
0.143 
0.087 
0.013 
0.705 
BSM61 
0.117 
0.122 
0.270 
0.252 
0.348 
0.126 
0.307 
0.112 
0.065 
0.173 
0.681 
0.164 
0.373 
0.145 
0.143 
0.473 
0.510 
0.158 
0.508 
0.079 
0.061 
0.059 
0.109 
0.238 
0.150 
0.233 
0.317 
0.398 
ratio mean % 
Volume 
"Group 2' / mean 
% 
Volume'Groupl' 
8.304 
9.195 
9.674 
9.748 
9.862 
10.643 
11.060 
14.360 
15.357 
17.066 
18.117 
20.439 
20.876 
25.482 
28.938 
38.632 
86.572 
241.808 
540.526 
a 
0 
a 
a 
a 
0 
0 
a 
0 
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5.4 Discussion 
The EMS-induced mutagenesis had earlier been done by Murchinson et al. (1981, 
1982) for the isolation of adherence defective mutants of S. mutans. A similar 
methodology was followed in this study and mutagenized cells were subcultured 
fovji times for isolation of stable mutants, containing chains of genotypically 
similar cells (Murchinson et al, 1981). The survival frequency after mutagenesis 
was 14% whereas Murchinson et a/. (1981) reported it to be 10%. Nearly 70% of 
the picked mutagenized cells showed some amount of decrease in adherence to the 
glass surface. The iS". mutans cells showing nearly or more than 50% decrease in 
adherence to the glass surface were selected for further characterization. 
The salivary proteins act as a receptor of 5. mutans as they carry the anchor 
sites for the wall proteins of .S. mutans (Carlen et al, 1997). The initial adherence 
of selected S. mutans mutant cells on the saliva-coated hydrophobic surface, 
specifically polystyrene microtitre plates was examined for further 
characterization of the mutants. 40% of the isolated mutants showed more than 
50% decrease in initial adherence to saliva-coated polystyrene surface. The 
decrease in initial adherence of these mutants implies a possible mutation in 
bacterial proteins that interact with the saliva. 
The interaction of 5*. mutans cells with saliva plays a key role in the biofilm 
formation on the dental plaque (Ahn et al, 2008). The biofilm formation by S. 
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mutans on the saliva-coated surface was reduced in all the mutants. Also, table 5.3 
and table 5.4 suggest that the biofilm formation was found to be least in the 
mutants showing the least initial adherence (BSM3) and maximum in the mutants 
showing maximum initial adherence (BSM61). This implies that the biofilm 
formation is dependent on the initial adherence of the mutants. 
The biofilm formation by S. mutans is a phase dependent process. The time-
dependent assay (Table 5.5) reveals that the sucrose-independent adherence 
defective mutants show less biofilm formation (61% of the control) even in the 
initial phase. The initial phase is marked by initial adherence of the bacteria to the 
substratimi, here saliva-coated polystyrene plate (Jefferson, 2004). However, the 
sucrose-dependent adherence defective mutants show just 1.5% inhibition at 
initial phase while showing a distinct inhibition at the multiplication (40%) and 
maturation (42%) phase of biofilm formation. The later stages of biofilm are 
marked by the synthesis of exopolysaccharide (glucan). The time-dependent 
analysis of biofilm formation thus implies that sucrose-independent mutants are 
altered at the stage of saliva-bacteria interaction. Whereas, sucrose-dependent 
mutants show an alteration in glucan mediated adherence of the cells for the 
biofilm formation. 
Streptococcus mutans synthesizes water-soluble and water-insoluble 
exopolysaccharides that helps in the clumping and biofilm formation of bacteria 
(Matsumura, 2003). Hence, the in-vitro exopolysaccharide formation by S. mutans 
134-
Cfiapter-S 
parent and mutant strains was estimated by Dubois method. All the mutants 
showed reduced exopolysaccharide formation than the parent strain. The sucrose-
dependent adherence defective mutants showed less polysaccharide than the 
control as well as sucrose-independent adherence defective mutants implying that 
the decreased exopolysaccharide formation may be a major reason of the biofilm 
inhibition in these mutants. Inspite of the fairly well exopolysaccharide formation 
(87.7%), a sucrose-independent mutant BSM3 showed only 32.3% biofilm 
formation. This suggests that along with exopolysaccharide, bacteria-saliva -
substratum interaction is also very important in effective biofilm formation. The 
estimations fi"om other sucrose independent adherence defective mutants also 
support the same fact. 
The thickness and the architecture of the biofilm of some sucrose-
independent mutants were studied by confocal microscopy. Quantitative 
estimations show that amongst the mutants BSM3 showed the least biofilm 
formation while BSM61 showed the maximum biofilm formation. BSM5 also 
showed stable and relatively more adherence defective character, hence we 
selected these three sucrose-independent adherence defective mutants for 
Confocal Microscopic analysis. The micrographs suggest that the biofilm formed 
by the parent strain covered a larger surface area and had a definite architecture. 
However, the biofilms formed by the mutants showed more or less spread cells 
with no distinct pattern of arrangement. The biofilm formed by BSM61 showed 
more clumped and aggregated cells than mutants BSM3 and BSM5. The thickness 
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of the biofilm was less in all the mutants than the control. Amongst the three 
mutants the biofilm thickness was found to be more for BSM61 than the mutants 
BSM3 and BSM5, possibly due to more clumping and aggregation of the bacteria. 
Thus the confocal microscopic revelations go well in agreement with the 
quantitative estimations of biofilms. 
The scanning electron microscopy also showed that the biofilms formed by 
the parent strain have aggregated and clumped bacteria with a cloud of 
exopolysaccharide surrounding the cells. The apparent biofilm formed by mutant 
BSM3 has very few cells individually scattered along the surface. The cells were 
arranged in short chains with absence of exopolysaccharide matrix. The biofilm 
formed by the mutant BSM61 was very much patchy. The aggregates of cell 
clumps were separated by large voids, indicating that original biofilm forming 
ability as of the parent strain was disrupted to some extent by mutation. 
The SDS-PAGE of the total protein (Figure 5.4) isolated fi-om parent strain 
and the mutants BSM3, BSM5 and BSM61 showed that all the mutants lacked a 
band of about 182 kDa which is characteristic of cell-surface adhesin Agl/II 
(Jenkinson et al., 2005). This cell wall protein interacts with salivary glycoprotein 
and supports attachment of S. mutans to dental plaque. ELIS A of total protein to 
the polyclonal antibody of Agl/II raised in rabbit was used to compare the 
concentration of this protein in the parent and the mutant strains (Figure 5.6). It 
was found that the expression of this protein was constitutively less in all the 
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mutants as compared to the parent strain. The expression amongst mutants varied 
in the order BSM3<BSM5<BSM61. 
The Westem-biot analysis for Agl/II of 50 ng of total protein (Figure 5.7) 
from the parent strain separated on 8% SDS polyacrylamide gel showed muhiple 
band signals of molecular weight maximum 182 kDa and minimum 101 kDa. 
None of the mutants BSM3, BSM5 and BSM61 showed any protein signal when 
50 ng of the total protein from the mutants was loaded on 8% SDS polyacrylamide 
gel. However when 10000 ng of total protein from the mutants was loaded on 6% 
SDS polyacrylamide gel multiple protein signals similar to parent strain were 
detected. At such high concentration, the control lane was completely black. The 
western blotting results prove that the cell-surface protein Agl/II is not completely 
abrogated from the mutants, although the expression of this protein is very low 
compared to the parent strain. 
The two-dimensional protein electrophoresis of total protein from parent 
strain and mutants BSM3, BSM5 and BSM61 was done to compare the expression 
of total protems. The protein profile of parent strain was called as group 1 while 
the protein profile of mutants BSM3, BSM5 and BSM61 was collectively called 
as group 2. The ratio of group 2 to group 1 was used to identify the differentially 
expressed proteins between the parent strain and the mutants. The proteins were 
identified on the basis of their MW and pi data obtained from 
www.stdgen.lanl.gov/oralgen/bacteria/smut/. Table 5.9 shows the identification of 
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proteins that are atleast five-fold over- or under-expressed in the parent strain and 
the mutants. The number of these proteins was 57 whereas the total identified 
spots were 401. Of these 57 proteins, 13 proteins are expressed more in parent 
strain than in the mutants. 10 amongst 13 of these proteins could not be identified. 
Rex A which modulates transcription in response to changes in cellular 
NADH/NAD(+) redox state is expressed 5.5 folds more in parent strain while 
amongst group 2, its expression is found most in BSM 61 and least in BSM 3 . 
Two other imderexpressed proteins in group 2 are ribonucleotide reductase and a 
conserved hypothetical protein. 
Table 5.9 shows that 44 proteins were expressed more in group 2 than in 
group 1. Apart from the 3 unidentified proteins, most of these proteins are 
associated with basic metabolism that takes place in the cell. This can be 
accoimted as the planktonic cells have more active metabolism than the biofilm 
cells. Heat shock protein Dna K (spot id 28) was expressed 6.65 fold more in the 
mutants than in the parent strain. An upregulation of Dna K by 5.6 folds after 
radiation had also been reported earlier (Sol et al., 2008). Rec A shows a 9.74 
folds upregulation in the mutants while it shows 2 fold upregulation after radiation 
(Sol et al, 2008). It might be due to the exposure of cells to chemical mutagen 
that resulted in constitutive overexpression of heat shock protein and Rec A. 
These proteins are also overexpressed in biofilm phase, salt and oxidation stress 
(Hamilton et al, 2002). 11 proteins were identified to show quite low expression 
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Table 5.9 Identification of atleast five folds differentially expressed proteins in 
parent strain (P) and mutants BSM3, BSM5 and BSM61 (mean of the mutants M) 
(Contd...) 
Spot 
ID 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
Pl 
5.35 
4.5 
5.19 
5.28 
5.49 
5.72 
4.95 
4.86 
4.14 
5.54 
5.30 
4.00 
4.34 
4.70 
4.77 
4.71 
6.04 
4.32 
6.34 
5.47 
5.29 
5.87 
6.13 
4.61 
4.85 
4.59 
5.05 
4.69 
6.04 
5.40 
5.50 
4.55 
5.10 1 
MW(Da) 
80608 
80291 
81285 
81034 
81430 
80537 
80784 
80537 
77912 
10945 
21017 
77875 
1784 
41825 
3100 
14667 
29697 
41903 
41658 
43565 
42413 
15160 
43399 
11087 
13601 
65280 
31065 
41074 
45464 
43994 
39717 
59637 
43900 
Ratio(P/M) 
-9.79 
-9.54 
-8.35 
-7.96 
-7.96 
-7.67 
-6.30 
-6.22 
-5.90 
-5.48 
-5.28 
-5.25 
-5.04 
5.12 
5.47 
5.65 
5.67 
5.75 
5.84 
5.91 
6.04 
6.42 
6.43 
6.50 
6.64 
6.65 
7.19 
7.33 
7.38 
8.30 
9.19 
9.67 
9.74 
Gene ID 
Not 
identified 
Not 
identified 
Not 
identified 
Not 
identified 
SMu0610 
Not 
identified 
Not 
identified 
Not 
identified 
Not 
identified 
Smul499 
Smul446 
Not 
identified 
Not 
identified 
Smu0240 
Not 
identified 
Smu0819 
Smul377c 
Smul538 
Smu0780 
Smu0537 
Smul505 
Smu0443 
Smul311 
Smul432 
Smu0743 
Smu004 
Smu0422 
Smu0004 
Smu0226 
Smull28 
Smu0107 
Smu0208 
Smu0300 
Protein identified 
nrdE ribonucleotide reductase, large subunit 
Rex A transcriptional regulator 
conserved hypothetical protein 
agmatine depimerase 
conserved hypothetical protein 
hypothetical protein 
glucose-1-phosphate adenylyl transferase 
aroC chorismate synthase 
trpB 
D-3 phosphoglycerate dehydrogenase 
general stress protein 
UDP-N-acetyl gIucosamine-2-epimerase 
hypothetical protein 
large conductance mechanosensitive channel 
Chaperone protein Dna K 
NAD(+) 1 IC-component synthetase 
uncharacterized GTP-binding protein 
nifS 
Phosphopentomutase 
alcohol dehydrogenase class III 
conserved hypothetical protein 
arginosuccinate synthase 
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Table 5.9 Identification of atleast five folds differentially expressed proteins in 
parent strain (P) and mutants BSM3, BSM5 and BSM61 (mean of the mutants M) 
( Contd) 
Spot 
ID 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
Pl 
5.61 
5.10 
5.92 
6.20 
4.82 
6.41 
5.21 
6.43 
4.82 
5.49 
6.15 
5.30 
4.71 
5.72 
5.60 
4.49 
5.12 
6.23 
5.81 
5.61 
5.12 
5.67 
6.00 
5.92 
MW(Da) 
42251 
29734 
29978 
44705 
43674 
18396 
10989 
45033 
40111 
41245 
40192 
41689 
23800 
43480 
41130 
30335 
41389 
44270 
42703 
45219 
41665 
41373 
42325 
45574 
Ratio(P/M) 
9.86 
10.64 
11.06 
14.36 
15.35 
17.06 
18.11 
20.44 
20.87 
25.48 
28.93 
38.63 
86.57 
241.81 
540.52 
a 
a 
a 
a 
a 
a 
a 
a 
a 
Gene ID 
Not 
identified 
Smu0407 
Smull83 
Smul429 
Smul097 
Smu08852 
Smu0357 
Smu0766 
Smu0454 
Not 
identified 
Smu0783 
Smu0286 
Smu0447 
Smul293 
Sniu0608 
Smu0388 
Smul892 
Smu0767 
Smu0394 
Smull09 
Smul945 
SmuOllS 
Smul398 
Smul386 
Protein identified 
gamma glutamyl kinase 
glutathione -S- transferase 
UDP-N-acetylglucosamine 1-
carboxyvinyltransferase 
30S ribosomal protein SI 
2-amino-4-hydroxy-6-
hydroymethyldihydropteridine 
pyrophosphoicinase 
conserved hypothetical protein 
thiamine biosynthesis 
hypothetical protein 
carbamoyl-phosphate synthase 
hippurate hydrolase-peptidase aminocyclase 
transaldolase family protein 
coproporphyrinogen III oxidase 
N-acetylomithine aminotransferase 
hypothetical protein 
rec A 
CapA 
N-acetylglucosamine 6-phosphate 
deacetylase 
Dehydrooratase 
tRNA (5-methylaminmethyI-2-
thiouridylate)-methyltransferase 
aminoacid aminohydrolase-hippurate 
aminohydrolase 
glucogen biosynthesis protein 
UDP-N-acetylglucosamine 1-
carboxyvinyltransferase 
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in the parent strain (mean percent volume nearly 0). Cap A, a membrane 
associated protein, possibly a capsule biosynthesis protein shows a high 
expression in mutants but insignificant expression in parent strain. 
Our study shows that chemical mutagenesis can inhibit biofilm formation of 
Streptococcus mutans by concerted action of many proteins. In mutants studied 
here, the main differentially expressed proteins were basic metabolic proteins, 
redox proteins and heat shock proteins. However, role of many of the proteins are 
yet to be identified. 
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This study concludes that the crude ethanolic extract from Morus alba leaves 
shows conspicuous antimicrobial and anti-biofilm effect against S. mutans. The 
active component from it was isolated and found to be 1-Deoxynojirimycin 
(DNJ). DNJ decreases biofilm formation by inhibiting exopolysaccharide 
formation by Streptococcus mutans. Although DNJ is a known inhibitor of 
glucosidases but, its interaction with glucosyltransferases in bacteria is a less 
studied aspect. Also, the toxicity associated with direct chewing and eating of 
DNJ and its effectiveness in oral cavity are the key issues to be addressed for the 
validation of its therapeutic use in dental caries. 
The plant lectins studied here, on interaction with the bacterial surface 
decrease the initial adherence and biofilm formation on the saliva-coated surface 
by S. mutans. Microscopic analysis reveal that glucose-mannose lectin, 
specifically TFA lectin altered the adhesion arrangement of the bacteria. 
Apparently bacteria have many different kind of carbohydrate moieties present on 
its surface. Lectin reactions and subsequent biofilm inhibition offers novel 
strategy in preventing dental caries. The stability and activity of lectins are pH and 
calcium-dependent, and need to be addressed for its use in-vivo. 
The adherence defective mutants ofS. mutans were generated to study 
the role of different genes in biofilm formation and maintaining normal 
metabolism in a reduced biofilm state. On EMS-induced mutagenesis, the 
reduction in biofilm was accompanied by low expression of surface adhesin 
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pprotein Agl/II in the mutants BSM3, BSM5 and BSM61 as compared to the 
parent strain. The 2D-protein electrophoretic pattern of the three mutants and 
their comparison with the parent strain, showed a differential expression of 57 
proteins. On the basis of in-silico analysis of 2D-protein gels, we identified that 
the most differentially expressed proteins are the basic metabolic proteins, redox 
proteins and heat shock proteins. However, many of the proteins are yet to be 
identified. Also, a validation of role of the proteins identified here needs to be 
done by following a more targeted approach. 
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Appendix 
(A) Composition of solutions for protein estimation 
The Copper reagent was prepared by mixing A, B and C in the ratio (98:1:1). 
The composition of solution A, B and C are as follows: 
Solution A: 2% Na2C03 in 0.1 M NaOH 
Solution B: 1% CUSO4 in diH20 
Solution C: 2% sodivmi potassium tartrate (NaKC4H406* 4H2O). 
Standard protein estimation protocol was followed and BSA was used as standard. 
(B) Composition of DNA isolation buffer 
The composition of extraction buffer for DNA isolation is as follows: 
NaCl:1.4M 
Tris-HCl:100mMpH8.0 
EDTA: 20 mM pH 8.0 
CTAB: 2% 
Proteinase K: 100 ^g/ml 
P-mercaptoethanol: 0.2% 
Deionized water 
The composition of CIA solution for DNA isolation is as follows: 
Chloroform: 48 ml 
Isoamyl alcohol: 2 ml 
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The composition of TAE buffer for agarose gel electrophoresis is as follows: 
Tris-acetate: 0.04 M 
EDTA: 0.001 M 
Final pH is 8.0 at room temperature 
The composition of TE buffer for dissolving DNA is as follows: 
Tris-HCl: 10mM,pH8.0 
EDTA: 1 mM, pH 8.0 
(C) Composition of protein isolation buffer 
The cell wash buffer is composed of 10 mM Tris-HCl (pH 8.0) 
The composition of cell lysis buffer is as follows: 
Urea: 5 M 
CHAPS: 4% w/v 
DTT: 50 mM 
IPG buffer (same pH range as IPG strip): 0.5% v/v 
Deionized water 
(D) Composition of different growth media 
The composition of brain heart infusion broth is as follows: 
Component gms/1 
Beef infusion from 250.0 
Calfbrain infusion from 200.0 
Proteose peptone 10.0 
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Sodium chloride 5.0 
Disodium phosphate 2.5 
Dextrose 2.0 
Dissolve 37 gms in 1000 ml water, pH 7.4 ± 0.2 at 25°C 
The composition of tryptone soya broth is as follows: 
Component gms/1 
Casein enzymic hydrolysate 17.00 
Papaic digest of soyabean meal 3.00 
Sodium chloride 5.00 
Dipotassium phosphate 2.50 
Dextrose 2.50 
Dissolve 30 gms in 1000 ml water, pH 7.3 ± 0.2 at 25°C 
The composition of Mitis salivarius agar base is as follows: 
Component gms/1 
Casein enzymic hydrolysate 15.00 
Peptic digest of animal tissue 5.00 
Dextrose 1.00 
Sucrose 50.00 
Dipotassium phosphate 4.00 
Trypan blue 0.075 
Crystal violet 0.0008 
Agar 15.00 
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Appendvc 
Dissolve 90 gms in 1000 ml, pH 7.0± 0.2 at 25°C 
(E) Composition of PBS-T 
Na2HP04:3.2mM 
KH2P04: 0.5 mM 
KCl: 1.3 mM 
NaCl: 135 mM 
Tween 20: 0.05% 
pH 7.4 at room temperature 
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